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Chapter 1
General
1-1. Purpose

Thismanual provides criteria and guidance for the design
of heating, ventilating and air conditioning (HVAC) con-
trol systems, and designates the standard control loops to
be used.

1-2. Scope

This manual describes frequently encountered control-
system loops, provides examples of how these loops are
used, and provides guidance and criteria for the design of
standard HVAC control systems and standard control
pands. This manual does not provide guidance on select-
ing HYAC systems and does not prohibit selection of
system types not included herein.

1-3. References

The following documents form a part of this manual to the
extent referenced:

a. Government Publications TM 5-785, Engineering
Weather Data.

b. Government Publications TM 5-815-2, Energy
Monitoring and Control Systems.

1-4. Policy.

a. Adherence to the standards. The design of the
HVAC control syssemswill not deviate from the standards
established in this technical manual, except where the
design agency has approved awaiver request.

b. Control-system designer responsibilities. The
HVAC control-system designer will be responsible for
designing each control system required for the project
HVAC systems, and will incorporate the control loops,
control-system sequences of operation, and HVAC
control-panel layouts, using the symbols, abbreviations,
and acronyms designated in this manual. This design
responsibility requires producing a design package that
includes a gspecification, a set of drawings, and
commissioning procedures for each HVAC control system.
The designer will not depend on any HVAC control-
system vendor for the design of the HVAC control
systems.

c. Control-system vendor compliance. The HVAC
control-system vendor will be required by the contract
documents to make the system product-specific. The
specification will require the HVAC control-system vendor
to produce shop drawings, schedules, instructions, test
plans, test procedures, commissioning procedures, and
other documents showing the application of products to
implement the control-system design. The specification
will requirethat the HV AC control-system vendor test the
control system and document the test to show that the
control system functions as designed, and to commission
the control system.

1-5. Control-system designer guidance

a. Control-system loops and control logic. The manual
includes descriptions of loops for controlling temperature,

humidification, airflow, and duct-system static pressure. In
addition, the manual contains control logic for the
following:

(1) Scheduling and initiating system operation.

(2) Changesin control modes of operation.

(3) Normal interlocks.

(4) Life-Safety system interlocks.

(5) Specid interlocks (such as for freeze protection).

b. Control-system variations. The manual shows some
of the possible HVAC-system equipment and control-
system variations, and provides guidance and examplesto
show how the designer can modify control loops and
systems for applications not specificaly shown. The
HVAC equipment and system variations for which control-
system guidance is provided include:

(1) Outside-air prehest coilsusing hot water or glycol.

(2) Outside-air preheat coils using steam.

(3) One-hundred-percent outsideair inlieu of outside-
air/return-air economizer.

(4) Deleting economizer control.

(5) Returnfans.

(6) Exhaust fans.

(7) Humidity controls.

(8) Smoke dampersin HVAC supply-air and return-
air ducts.

(9) Override of control of valves and dampers for
freeze-protection or smoke-control systems.

(10) Startup and shutdown of HVAC fan systems by
external systems such as smoke control.

(11) Variable-speed fan drives.

(12) Combining systemsin a common control panel.

(13) Unoccupied-mode space-temperature setback
control of HVAC equipment.

(14) Building purge and recirculation modes.

(15) Variationsin the use of control valves.

c. Project applicability. The HVAC control systems
shown in this manual are applicable to new-construction
building projects, building-addition projects, building-
renovation projects, and (as further described in chapter 6)
building-retrofit projects.

d. Types of HVAC equipment covered. This manual
provides control-system guidance for HVAC systemsfor
heating, cooling, humidity control, ventilation and air
delivery, terminal units, and small packaged unitary sys-
tems. Termina unitsinclude Variable Air Volume (VAV)
boxes, duct coils, fan-coil units, unit heaters, gas-fired
infrared heaters, and radiators.

€. Exceptions. Thismanual does not cover systems for
HVAC equipment such as boilers and chillers, which
usually have controlsintegral to the equipment.

1-6 Design concept

The guidance contained in this manual adheres to a par-
ticular concept for designing HVAC control systems. This
concept includes the use of standard control systems that
incorporate standard control |oops and standard control-
system devices. The manua shows which devices are
housed in a standard HVAC system control panel. The
design concept also includes the use of digital single-loop
controllers for the control of air-handling systems and

hydronic systems. The use of these controllers for such
systems has been tested in the laboratory and in the field.

1-7 Control-system standards

a. Standard instrumentation signals. The HVAC
control-system transmitter signal's and the single-loop con-
troller signals will be standard instrumentation signals of
4to 20 milliamperes, which can be readily interfaced with
most types of energy monitoring and control systems
(EMCS). When required, the controller output signal will
be converted to 3to 15 psig.

b. Actuators. Actuation of valves and dampers for
HVAC systems such as air-handling units and convertors
will normaly be by pneumatic actuators. This manual also
provides guidance on substituting electric or eectronic
actuators for pneumatic actuators.

c. Terminal-unit control
Systems. Terminal-unit control systems will use only
electric or eectronic control devices. The foregoing
requirement for standard instrumentation signals does not
apply to terminal-unit control systems.

d. Standard controller. A single version of an
electronic, salf-tuning controller (generaly known as a
digitd single-loop controller) will be used as the standard
controller for HYAC systemsin all applications except for
terminal-unit control-system applications. This type of
controller has a history of reliable use, and is available
from multiple sources as a standard product with the
features described for its use in this manual. Using a
standard controller will make control systems easier to
maintain. The standard controller will accept one analog
signal as a process variable input (PV) and one analog
signal as a remote setpoint adjustment (CPA) input, and
will produce one analog output signal (OUT). The
controller will fit in a standard-size panel cutout. A
controller of one manufacturer may be replaced by a
controller of another manufacturer because severa
manufacturers produce the same version of the controller.

1-8 Project implementation

a. |Impact of other design disciplines on control-system
design. Design of HVAC control systemsislargely driven
by decisions on the overal-building HVAC mechanica
and dectrical design. Therefore, design of the HVAC con-
trol system must be incorporated into the overal design
process to ensure adequate consideration of the space
reguirements for the HVAC control system’s mechanical
and electrical support services. Early involvement of the
HVAC control-system designer in the project can help
prevent unfortunate HVAC system design choices that
could result in marginally-controllable HVAC systems.
The control-system designer’'s involvement should start
with the development of the design concept and continue
throughout the design process. The control-parameter
criteria (temperature, humidity, pressurization, occupancy
schedules, etc.) must be defined for al systems. These
criteriaare the starting point for the HVAC control-system
design. The controller setpoints are shown onthe HVAC
control-system contract drawings and are based on the
HVAC system design criteria. The setpoints are guidance

for maintenance of the control systems.

b. Reuse of existing control devices. Renovation and
addition projects require extra engineering work in the
form of adetailed field survey of existing HVAC control
systems to determine if existing control devices can be
reused for the project, and, if so, the extent to which they
require modification. Devices that use standard 4-20 mil-
liampere of 3-15 psig signals are among those which pos-
sibly may be reused. The contract drawings must show
control devices that will be reused, replaced, modified, or
removed.

c. Locationsof control devices. The designer will show
the locations of wall-mounted instruments, HV AC control
panels and outside air sensors, transmitters, and sun-
shields on HVAC floor-plan drawings. The designer must
show the location of sensing elements and primary meas-
uring devices on the HVAC system drawings. An excep-
tion to thisrequirement is the sensing location of the duct-
pressure instrument for the supply-fan pressure-control
loop of a Variable Air-Volume system; this sensing
location is determined by the installed ductwork config-
uration. Thisrequirement is intended to ensure that design
consideration is given to these details so that the sensing
will be proper and accurate, and to provide for clearance
and access for maintenance of the control system. The
locations of thermometers and pressure gauges should be
selected for normal visual access by personnel required to
read them.

d. Control-device clearance and access. Control-system
elements must not intrude upon the space required for
mechanica- and dectrica-system maintenance access. The
control-system design must be coordinated with the
HVAC-system design to provide ductwork accessto install
sensing elements and transmitters.

e. Location of permanent instrumentation. The location
of the permanent instrumentation thermometers, spare
wdlls, and valved outlets for gauges in piping systems
must be coordinated with the HVAC system design and
must be shown on the HVAC-system contract drawings.
Sufficient access space must be provided in the ductwork
downstream of each air-flow measurement sensor and
array, to alow for atraverse with a portable instrument for
calibration purposes.

f. Coordination with eectrica-system design. The
designer will coordinate the control-system design with the
electrical-system design to show power circuits for HYAC
control panels, air compressor, and drier.

1-9. Design-package requirements for HVAC
control systems

a. Drawings.

(1) Thedesigner will include standard HV AC control-
pand drawings to describe control-panel construction and
mounting arrangements as shown in chapter 4. These
drawings are:

(@) Standard wall-mounted HVAC control-panel
arrangement.

(b) Standard HVAC control-panel interior door.

(c) Standard HVAC control-panel back-panel
layout.



(d) Controller wiring.

(e) Supply-fan and return-fan starter wiring.
(f) Exhaust-fan and pump-starter wiring.
(g9) HVAC control-panel power wiring.

(h) Damper schedule.

(2) Somesimplecontrol systemsdo not require a con-
trol panel and would not require panel drawings.

(3) the schematic will show control-loop devices and
other permanent indicating instrumentation (such as pres-
sure and draft gauges, thermometers, flow meters, and
spare thermometer wells). The indicating instrumentation
isintended to permit avisual check on the operation of the
HVAC control system.

(4) Control systems for HVAC often require connec-
tions to boiler-control systems, chiller-control systems,
variable-speed drives, fire-alarm and smoke-detection sys-
tems, and EMCS. The schematic and the ladder diagram
will show the interface points between field-installed
HVAC contral systems, factory-installed HVAC control
systems, and other control systems.

(5) Theladder diagram will show the relationship of
the devices within the HVAC control panel and their rela-
tionship to HVAC equipment magnetic starters and other
control panels.

(6) The equipment schedule will show the information
that the vendor needs to:

() Provideingtrumentation of the cdibrated ranges.

(b) Select control valves and associated actuators.

(c) Adjust the control-system devices for sequenc-
ing operations.

(d) Configurethe controller parameters, such as set-
points and schedules.

(e) Set the control-system time clocks.

(7) Theinterior-door layout will show the controllers,
switches, pilot lights, pneumatic receiver gauges, current
signal-to-pneumatic signal devices, and other door-
mounted devices.

(8) Theback-pand layout will show thelocation of all
other pand-mounted devices, and will assign a back-panel
areafor terminal blocks.

(9) The terminal-block layout will show the location
of specific terminal locations according to their function,
and the locations of spareterminals and unassigned spaces.

(10) Thedrawingswill be those shown in chapter 4
of this manual for the standard HVAC control systems,
with site-specific modifications and any additional control-
system loops required. The number of contract drawings
necessary to show each control system varies with the
system size and complexity. Most control systemsin this

manud can be shown with the schematic, ladder diagram,
and equipment on one drawing, and control-panel details
on two drawings.

b. The HVAC control-system specification.

(1) Becausethe HVAC control-system designer has
the responsibility to completely design the control system,
the specification requires more technical detail than would
be required if the designer needed to specify only the end-
performance result of control. The performance-type
specification approach used in the past allowed the vendor
more latitude in the salection of control devices, in the
construction of control loops, and in the construction of
HVAC control panels.

(2) The designer must now specify more extensive
vendor submittal requirements than had previoudly been
required. The submittals required are shop drawings,
commissioning procedures, operating and maintenance
instructions, training-course documentation, a calibration-
commissioning-adjusting report, testing documentation,
and alist of service organizations.

(3) The control devices to be used must be specified
in detail.

(4) Because the control system is electronic and can
interface with various EMCS, the requirements for elec-
trical surge-protection devices installed in the system wir-
ing must be specified, both to protect the HVAC control
system and to prevent surges on HVAC control system
wiring from adversely affecting the EMCS.

(5) Each control system must have a sequence of
operation and a commissioning procedure.

C. Seguence of-operation. Each control system will
have a sequence of operation. The sequences will be
included in the project specification or they may be shown
on the contract drawings. Where the project HVAC
systems are similar, the control loops and logic having
identical control functions will be described identically in
the sequences. The text of the sequences will vary only to
the extent necessary to describe the operation of dissimilar
control loops and logic.

d. Commissioning procedure. The  project
specification for each control system will include a
commissioning procedure. The commissioning procedure
is a four-step process that details how the vendor will
inspect, calibrate, adjust, and commission each HVAC
control system. The types and quality of calibration
instrumentation to be used in the procedure and the extent
of documentation of the procedure will be specified. Where
project HVAC systems are similar, the requirement for
applying the procedure to control loops and logic will be

described identically in each procedure. The text of the
procedures will vary only to the extent necessary to
describe the application of the commissioning procedure to
dissimilar loops and logic. The four steps of the
commissioning procedure are as shown in table 1-1.

Table 1-1
Commissioning Procedure

Step: 1.

Activity: System inspection.

HVAC-system condition: Shut down.

Purpose: Observe system for position of valves and
dampers, and readiness of HVAC control panel.

Step: 2.

Activity: Calibration accuracy check.

HVAC-system condition: Shut down.

Purpose: Collect one data point for each sensing
element, transmitter and controller combination under
steady-state conditions.

Step: 3.

Activity: Actuator range adjustments.

HVAC-system condition: Shut down.

Purpose: Set full-stroke travel of actuators matched to
controller output range.

Step: 4.

Activity: System commissioning.

HVAC-system condition: Operating.

Purpose: Collect second data point for calibration
accuracy check, tune controllers, observe control of
HVAC system in each mode of operation, and observe
the operation of safety devices.

1-10. Control-system Interface to EMCS

a. Transmitters and control point adjustment (CPA).
The control-system design will show HVAC control-pane!
terminal blocks showing installed jumpers for interfacing
control-system transmitters with EMCS. Removal of these
jumpers alows EMCSto connect devices in series with the
4- to 20-milliampere current loop. The EMCS devices read
the HVAC transmitter signals to the HVAC system
controllers. Terminal blocks that allow connection of the
single-loop digital controller's remote-setpoint input to a

CPA signa from EMCSwill be shown. For information on
EMCSreference TM 5-815-2.

b. Status and shutdown devices. Low-temperature-
protection thermostats, smoke detectors, and high-static-
pressure shutdown switches operate relaysin the HVAC
control-system logic to perform the required control
functions. Contacts of these relays are wired to terminal
blocks in the HVYAC system control panedl for EMCS use.
Differential-pressure switches in the air-handling-system
filterswill have acontact in the device reserved for EMCS
use.

c. Overideof HVAC control systemsby EMCS. The
control-system ladder diagrams and HV AC control-panel
details will show provisionsfor:

(1) Replacing HVAC control-system time clocks by
EMCS start-stop contacts.

(2) Installing an EMCS override of the HVAC sys-
tem'’s economi zer-mode controller signal.

1-11. Fan-starter control-circuit override by
external control systems

The ladder diagrams for fan-starter control circuits will
show provisions for shutting down the fans and for over-
riding low-temperature safety thermostats and smoke
detectors to start the fans from external systems. These
provisions are intended to allow interface with smoke-
control systems.

1-12. Coordination  with  HVAC
balancing

The project specification will require that balancing is
completed, that minimum damper positions are set, and
that abalancing report isissued before control systems are
tuned. Other control-system commissioning activities may
be performed independently of HVAC system balancing.

system

1-13. Explanation of Terms

Terms, abbreviations and acronyms are shown in the
glossary, section |.

1-14. Symbols

Standards symbols used in this manual are shown in the
glossary, section |1.

1-15. Figures
All figures are located at the end of each chapter.



Chapter 2

HVAC Control System Equipment, Equipment
Uses and HVAC Control Loops

2-1. General

a. The design of HVAC control systems is
implemented by defining the operating modes of the
HVAC equipment, defining the control loops required, and
selecting the control system equipment to be used in the
loop. The process of sdlecting the control system
equipment includes cal culations by the designer to specify
the flow capacity of control devices, the physical size of
control devices and the electric service required.

b. Thischapter describesthe operating modes, process
variables, control, modes, control-system devices and their
features, control system equipment applications, and inter-
connection of control devices. This chapter provides
criteria and guidance for selecting and sizing control
devices.

2-2. Control of HYAC-system operating modes
and process variables.

a. Control-system operating modes. Control systems
start and stop the HVAC systems according to a time
schedule, and at specific outside-air temperatures and
specific indoor temperatures. In addition, the control
systems operate the HVAC systems in the following
modes of operation:

(1) Occupied modeisinitiated automatically to allow
HVAC sysemsto start in sufficient time to bring the space
to the proper temperatures at the start of occupancy.

(2) Ventilation-delay modeisinitiated automatically
to prevent the use of outside air when the unit is started
prior to occupancy, to cool down or warm up the area
served.

(3) Unoccupied modeisinitiated automatically to pre-
vent unnecessary operation of HVAC-system equipment
during periods of non-occupancy except for specia pur-
poses such as operation to maintain minimum space tem-
peratures for freeze protection.

(4) Heating or cooling modes areinitiated manually to
provide either heating or cooling media to HVAC
equipment.

b. Control of HVAC-system process variables. While
the HVAC systems are in operation, the process variables
commonly sensed and controlled by HVAC control
systems are:

(1) Temperature.

(2) Relative humidity.

(3) Static pressure of air.

(4) Differential pressure of air.

(5) Air-flow rate.

c. Constraints on process variables by operating
modes. The constraints placed on the control of HVAC
process variables by the operating modes are:

(1) Cooaling and humidification are shut off during the
unoccupied mode.

(2) Outsideair isnot supplied to the space during the
unoccupied and ventilation-delay modes.

d. Modulating control. The amount of heat delivered
to agpace (or removed from a space) from certain types of
HVAC equipment is regulated by varying the heat-
exchanger capacity from zero to one-hundred percent in
response to the variation of a continuous, gradual input
signal. Thisis called modulating control. Heat-exchanger
control valves, mixing dampers, fan-inlet vanes, variable-
speed drives, and humidifier valves are examples of
HVAC equipment that are controlled by modulating
control.

e. Two-position control. The amount of heat delivered
to aspace from certain types of HVAC equipment is con-
trolled by turning the equipment on and by shutting the
equipment off. This type of contral is also called on-off
control. Examples of 2-position control are the starting and
stopping of the fans of unit heaters and fan-coil units by
room thermostats to maintain space temperature, and the
opening and closing of shut-off dampers when fans are
started and stopped.

2-3. Control-system equipment.

a. Control valves.

(1) Control valves are used to regulate the flow of
fluids in piping systems by compressing and releasing a
valve spring to move avalve-closure disk or plug toward
or away from the closure seat of aflow port. The valves
are used both in modulating and in 2-position control
applications.

(2) Examplesof the use of modulating control valves
are:

() Heating- and cooling-coil control valves.
(b) Converter steam-control valves.

(c) Humidifier control valves.

(d) Perimeter-radiation-systems zone valves.

(3) Examples of the use of 2-position control valves
are:

(@) Dual-temperature water-system changeover
valves.
(b) Shut-off valves used in fan-coil unit coils.

(4) Control valves are classified according to their
flow-regulating body patterns. A 2-way valve redtricts
fluid flow in one direction, because it has one inlet and one
outlet; a 3-way valve restricts flow in two directions. The
designer will use 2-way control valves for controlling the
following types of HVAC equipment:

(a) Convertors.

(b) Radiators.

(c) Coils served by variable-volume pumping
systems.

(d) Steam cails.

(5) A 3-way mixing valve has two inlets and one
outlet, and a 3-way bypass (diverting) valve has oneinlet
and two outlets. For the systems shown in this manual, the
3-way mixing vaveis used in both flow-mixing and flow-
diverting type applications, except that a 3-way bypass
valve is used as a dual-temperature changeover control
vave.

(6) Intheflow-mixing application, the 3-way valveis
used to mix heated primary flow, from aboiler or a con-
verter, with system return flow to produce system secon-
dary supply, for the purpose of controlling temperature.
When used on thereturn line from a coil, one of the 3-way
valve' sinletsis from the coil, and the other inlet is from
the bypass around the coil. The designer may choose to use
3-way mixing vavesin lieu of the 2-way valves shown in
this manual for controlling the following types of HYAC
equipment to prevent deadheading of pumps:

(@) Coils served by constant-volume pumping
systems.

(b) As means of pump pressure relief in variable-
volume pumping systems.

(c) As perimeter-radiation-zone valves.

(d) As diverting valves around boilers or cooling
towers.

(7) Thedesigner may choose to use either four 2-way
valves or one 3-way mixing valve, and one 3-way bypass
valve for 2-position flow-control applications as dual-
temperature-system changeover valves.

(8) Control valves are classified according to the
action of the valve spring in moving the disk or plug rela-
tive to the seat when the control signal or the power is
removed. A 2-way vavethat opensits flow port under this
condition is called a normally-open (NO) valve, and one
that closes its flow port under this condition is called a
normally-closed (NC) valve. A 3-way mixing valve has
both NC and NO inlet flow ports connected to acommon
(C) outlet flow port. A 3-way bypass valve has both NC
and NO outlet flow ports connected to a C inlet flow port.

(9) The flow-regulating characteristic of a valve is
generally determined by the shape of a disk or plug that
passes through the flow port. The flow-regulating charac-
teristics used for control systems covered by this manual
are:

() Linear flow, in which the percent of valve travel
eguals the percent of maximum flow rate through the
vave.

(b) Equal-percentage flow in which equal incre-
ments in the percentage of valve travel produce an equal-
percentage change in flow rate from the previous flow rate,
when a constant pressure drop is maintained.

(10) The applications of 3-way mixing valves
covered by this manual require the use of valves with
linear flow characteristics. The applications of 2-way
valves covered by this manual require the use of valves
with equal-percentage flow characteristics. This
requirement results from the application of the valves as
modulating fluid-control devices. The equal-percentage-
flow characteristic matches the non-linear heat-exchange
characterigtics of the HV AC equipment coils with a change
in fluid flow that tends to linearize the heat-exchange
output of the coil with alinear signal to the control valve.
The linear-flow characteristic is more suitable for mixing
applications and for humidification.

(11) Thepurchase price of acontrol valve increases
with its size. The installation cost of a control valve also
increases with its size, because of

() The change from screwed ends to flanged ends
(b) Because larger valves and their weight require
more installation and handling labor.

(12) At apipe size of 4 inches or larger, a type of
rotary control valve (known as a butterfly valve) becomes
economically suitable for HVAC control applications
because of the combination of the price of the valve and
the installation costs. The butterfly valve has a disk that
rotates on a shaft and closes against a seat. The seat is
concentric with the connected pipe. The butterfly valve can
have flow-control characteristics similar to equal per-
centage when used with an appropriate actuator and posi-
tioner. In three-way applications of valves for 4-inch pipe
size and larger, the designer will show two valves on a
common pipetee, with separate actuators that will operate
the two valves simultaneously. One of the valves will be
NC, and one will be NO. The C connection can be either
an inlet or an outlet. This alows the combination of 2
valves and a pipe tee to function as a 3-way mixing valve
or a3-way bypassvalve. Figure 2-1 shows butterfly valves
used in 3-way mixing and 3-way bypass arrangements on
acommon pipe tee.

b. Control dampers.

(1) Dampers are used to regulate the flow of air in
ductwork in both modulating and 2-position control
applications.

(2) Examples of the use of modulating dampers are:

(a) Air plenum temperature control by mixing out-
sideair and return air.

(b) Space temperature control by mixing warm air
and coadl air.

(c) Space temperature control by varying the flow
of cool air.

(3) Examples of the use of 2-position dampers are:

(@) Closing outside-air dampers or building-exhaust
dampers when fans are stopped.

(b) Isolating sections of ductwork for smoke-control
purposes.

(4) Dampers are classified by the action of ther
blades, which connect to a common shaft that is rotated to
open or to close the damper. Opposed blade dampers
provide better flow characterigtic in throttling applications.
A throttling application is one where the damper is
installed in series with the path of flow and the damper is
used to add pressure drop to reduce air flow. Parallel blade
dampers are used to provide better flow characteristicsin
mixing applications. A mixing application is one where
more than one flow path existsin parallel. Usually, two or
more dampersareindalled in parallel to each other and the
dampers divert flow rather than increase total system
pressure drop.

(5) The control action of dampers (NC or NO)
depends on the direction of their blade rotation caused by
the spring-return stroke of an actuator connected to the
damper’ s drive shaft, when the control signal or power is
removed.

(6) When a control-system application requires that
adamper be open prior to the start of afan, an adjustable
switchis connected to the damper; this deviceis called an
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end switch or limit switch. The end switch operates a set of
contactsin the fan-starter control circuit when the damper
isfully open, to dlow thefan to start; the end switch opens
the circuit to prevent the fan from continuing to operate if
the damper beginsto close.

c. Actuators.

(1) Actuatorsare used to operate valves and dampers.
Pneumatic actuators are powered by air pressure, and are
controlled directly by a pneumatic control signal and
indirectly by an electric or eectronic signal. An electro-
pneumatic device converts an electric or electronic signa
to a pneumatic signal to stroke the actuator. Electric and
electronic actuators are electrically powered and are
controlled directly from an e ectric or eectronic signal to
stroke the actuator.

(2) Modulating control of actuators requires either the
use of a4 to 20 milliampere control signal directly to an
electronic actuator or the conversion of the signal to a
pneumatic control signal of 3 to 15 psig. The pneumatic
signa can bedirectly or inversely proportional to the elec-
tronic signal. The signal conversion values are shown in
figure 2-2.

(3) Two-position control of dectric actuators requires
the closing and opening of a contact to operate an electric
actuator. Two-position control of pneumatic actuators
requires an eectric/pneumatic device to pass 20 psig main
air to the actuator, or to exhaust air from the actuator.

(4) Sequencing occurs when actuators are modul ated
from a common signal by using a portion of the 4 to 20
milliampere signal or the converted 3 to 15 psig signal.
The actuator stroke is adjusted to move its connected valve
or damper from fully-closed to fully-open over the
assigned portion of the common control signal. Deadbands
between the movement of valves and dampers are achieved
by assigning a portion of the common control signal asa
deadband. Each actuator is adjusted so that its full stroke
occurs on either side of the deadband limits outside of the
deadband. Examples of the use of sequencing with a
deadband are:

(a) Sequencing of heating and cooling with a dead-
band between heating and cooling.

(b) Sequencing of heating and outside ventilation
air beyond the required minimum quantity with a dead-
band between heating and increased ventilation.

(5) Actuators are modulated in parallel by assigning
the identical portion of the control signal to each actuator
for its full stroke. Modulation in parald occurs in air-
stream mixing applications such as:

(a) Modulation of outside-air, return-air and relief-
air dampersfor free cooling.

(b) Modulation of multizone hot-deck and cold-
deck dampersin paralld.

d. Current-to-pneumatic transducers. The modulating
device for converting a current-control signal to a
pneumatic-control signal is a current-to-pneumatic trans-
ducer (IP). A 20-psig main air supply to the IP is the
source that develops a 3- to 15-psig output signal in a
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scaed relationship to a 4- to 20-milliampere input signal.

e. Solenoid-operated pneumatic valves. The 2-
position device for converting an electric-contact closure
signal to a pneumatic signal is the solenoid-operated
pneumatic valve (EP). The EP is a 3-way valve that
connects the normally-closed and common ports when the
solenoid coil is energized and connects the normally-open
and common ports when the solenoid coil is de-energized.
The EPisused to switch 20-psig main air to the actuators
and to exhaust air from the actuators.

f. Positive Positioners.

(1) All modulating-control applications of pneumatic
actuators require that the actuator be equipped with a
positive positioner (PP). A main-air supply is the source of
its operating power. The device throttles main air as
required to stroke the actuator to the position dictated by
the pneumatic control signal. However, the positive
positioner can exert pressure higher than that of the
pneumatic-control signal and thus can maintain the
required position against the opposing force of the HVAC
system pressure. Piping-system pressures tend to compress
theair in the digphragm chamber of the valve actuator. The
compression causes a shift in the actual operating ranges
of the valves. The positive positioner has an adjustable
pneumatic-signal start point for the stroke of the actuator
and an adjustable pressure span for the full stroke of the
actuator. The stroke is proportional to the pneumatic
control signal.

(2) Simultaneous heating and cooling can occur when
pneumatic actuators are used, even though the spring-
operating ranges are selected without an overlap. The
results of this phenomenon are shown in figure 2093.
Because of this phenomenon, sequencing applications for
HVAC systems must have positive positioners on pneu-
matic valves and damper actuators, to maintain deadbands
between actuator operating ranges. A control system with
positive positioners is illustrated in figure 2094. When
sequencing actuators from a common control signal, the
simultaneous use of heating and cooling can accidentally
occur if:

(@) Heating and cooling valve operating ranges
overlap.

(b) Heating valve and ventilation damper operating
ranges overlap.

(c) Heating valve and cooling air damper operating
ranges overlap.

g. The choice between pneumatic and electric
actuators. All termina-unit control systems will have
electric or dectronic actuators. For all other control-system
applications, the designer will make an estimate of the total
cost of actuators required for all control systems in the
project. The designer will take into account the cost of
multiple actuators on large dampers and the cost of larger
actuators required for higher torques to operate large
valves. The total installed-cost estimate of pneumatic
actuators will include:

(1) The actuators.

(2) ThelPs.

(3) Tubing.

(4) Locd indicators.

(5) The cost of the compressed-air system.

The totd installed-cost estimate of electric actuators will
include consideration of:

(1) The actuators.

(2) Wiring.

(3) Loop-driving circuits as explained in this manual.

h. Existing compressed-air source. If sufficient air is
available from an existing temperature-control
compressed-air system, it may be used as the air source for
additional control systems.

i. Life-cycle cost. After the installed-cost estimates are
prepared, a life-cycle cost estimate will determine the
choice between pneumatic and el ectric actuators.

j. Sequencing actuators. The actuators that control
valves and dampers are sequenced when HVAC appli-
cations require that the process variables be sensed at a
common location and controlled from a common modulat-
ing signal. The objective of sequencing isto avoid energy
waste by preventing the following opposing processes
from acting simultaneously:

(1) Heating and cooling.

(2) Humidification and dehumidification.

k. Design requirement in regard to actuator-
sequencing ranges. The designer will show the actuator-
sequencing ranges in the equipment schedule when
standard control signals apply.

(1) Prneumatic actuators are sequenced by connecting
the signal input connections of the actuators positive
positioners to the same pneumatic control signal and
adjusting the positioners starting points and spans to
achieve the required sequence. For example, two valves
can be operated in sequence if their positive-positioner
spansare s&t at 4 psig and their starting points are set at 3
psig and 9 psig respectively. Thisresults in ranges of valve
full-stroke operation of 3to 7 psig and 9 to 13 psig, with
a 2-psig deadband between the ranges of operation.

(2) Electric actuators have starting points and span
adjustments similar to those of the pneumatic actuator’'s
positive positioner. In this case, the starting points and
spans are adjusted in milliampere values. When electric
actuators are sequenced, the modulating-control circuit will
be designed within a 600-ohm limitation.

I. Multiple actuators connected to the same control
damper. When the operating-torque requirement for an
HVAC-system damper exceeds the output torque of asin-
gle actuator, additional actuators are connected together to
operate in parallel to control the damper. The designer is
not required to show multiple actuators connected to the
same damper on the schematic. The vendor has the
information necessary in the contract specification to apply
multiple actuators when required.

m. Design of modulating-control circuits within a
600-ohm circuit-impedance limitation.

(1) The output of an HVAC-system controller is

connected in series to actuators externa to the HVAC
control pand, and also to other devicesin the HVAC con-
trol pandl in adirect-current series circuit. The number of
devices varieswith the complexity of the control sequence,
and the impedance of each connected deviceis additive as
a resistance in the circuit. The amount of output-circuit
impedance that a controller will tolerate is product-
specific. The limitation of 600 ohms in the output-circuit
design is needed to permit the controllers of severa
manufacturers to function in the same circuit. The
limitation permits standardization in the design and
permits substitution of one manufacturer's controller for
that of another during maintenance of the system.

(2) If amodulating-control circuit is designed to use
electric or dectronic actuators, the impedance can exceed
the 600 ohm limitation if:

(a) Multiple actuators are required for the same
damper.

(b) More than one damper is modulated from the
same control signal, such as in the case of modulating
outside-air, return-air, and relief-air dampers.

(c) Multiple control-system devices located within
the HVAC control pand are necessary to achieve the
sequence of control.

(3) Many of the control-system devices typically add
250 ohms impedance to a series circuit. This 250-ohm
impedance value comes from a dropping resistor in the
device that is used to convert the 4- to 20-milliampere
current signal at 24 voltsdc to a 1- to 5-volt signal used by
the device'sinternal circuitry.

(4) Figure 2-5 shows methods for designing circuits
within the 600-ohm limitation. The figure shows the fol-
lowing examples.

(@) The limitation exceeded by connecting 750
ohmsin series.

(b) Limiting the control-circuit connection to a
single actuator.

(c) Thecircuit designed within the limitation by the
use of an additional control-circuit device.

(5) Inthefirgt example, shown inthe upper part of the
figure 2-5, control devices 1, 2, and 3 can be actuators or
devicesinthe HVAC control pandl. In the second example,
the controller is connected to actuator 1, and actuator 2 is
operated by an auxiliary-actuator-driver (AAD) circuit on
actuator 1; actuator 2 can operate ancther actuator by its
ADD. In the third example, the same control devices are
connected to aloop driver (LD). Control device 1 and the
loop driver are connected to the controller. The modulating
circuit from the controller is limited to 500 ohms,
consigting of 250 ohms for control device 1 and 250 ohms
for theinput to LD. Control devices 2 and 3 add atotal of
500 ohmsto the output circuit of LD. The output signal of
LD varies in a 1-to-l ratio with its input signal.

(6) Some of the control devices necessary to
implement the control sequence have an input impedance
of 250 ohms, and their output circuits can accept from 800
ohms to 1000 ochms of impedance. The amount of allow-



ableimpedancein their output circuits is product-specific.
Any control device whose modulating-control output cir-
cuit has greater impedance-loading capability than the
impedance of its modulating-control input circuit can func-
tion as aloop driver. In addition to performing a specific
control-sequence function. This output-driving capability
isfound in most modulating-control devices.

(7) When the control system requires more than one
damper with electric or eectronic actuators to be modu-
lated by acontrol circuit, the designer will show the signal
(on the schematic) connected to one of the damper actu-
ators. The AAD circuit of that actuator will be shown as
connected to drive a separate actuator on another damper,
which, in turn, can drive another actuator on still another
damper.

(8) When a modulating-control circuit must drive
multiple panel-mounted control devices, the designer will
show on the schematic:

(a) Not morethan 2 devices (such as | Ps) connected
to that circuit, unless one of the devicesis a control device
that accepts a modulating input signal and produces a
modulating output signal.

(b) Not morethan 2 panel-mounted control devices
connected to the modulating output of a panel-mounted
control device.

(9) The schematic isnot intended to show the physical
connections to the devices, but rather to show the rela-
tionship of the necessary control devices in the control
loop.

n. Transmitters. Variables such as temperature,
pressure, and relative humidity are sensed by means of
elements that are connected to the control loops via
transmitters. The output signal of the transmitter is the
standard 4 to 20 milliampere dc signal, which is factory-
calibrated for zero point and span relative to the input
resistance value of the sensing element. The transmitters
are 2-wire, loop-powered (i.e., powered by the control-
pand power supply) devicesthat connect in a series circuit
with the controller input. The impedance limitation of the
circuit in which the transmitter can function is product-
specific. A typica valueis 700 ohms at 24 volts dc.

0. Sngle-loop digital controller.

(1) A standard controller, known asasingle-loop con-
troller, will be used for all control-system applications
except those required for the control of HVAC-system
terminal units. In all applications where it is used, the
controller will be mounted in aHVAC control panel. The
controller-mounting dimensionswill conform to a standard
pand cutout requirement. The controller will be used for
the following applications:

(@) As a controller for maintaining temperature,
relative-humidity, satic-pressure, and/or airflow setpoints.

(b) As an economizer-mode switchover controller
that determines whether outside air is available for cooling.

(c) As an outside-air-temperature controller for
scheduling hydronic-heating supply temperature and for
starting and stopping pumps.

(2) The controller will be a microprocessor-based

device with manually-configurable control features resi-
dent in solid-stete dectronic-memory components. Manual
access to the features of the controller will be through a
keypad and an aphanumeric indicator on the face of the
controller. The controller will have standard features that
will allow it to serve al functions prescribed in its
application. Standard features will alow the replacement
of any controller by a spare not necessarily of the same
manufacturer.

(3) Thesingle-loop digita controller will have the fol-
lowing inputs and outputs:

(a) A process-variable analog input (PV).

(b) A remote-setpoint analog input for control -point
adjustment (CPA).

() Ananalog output (OUT).

(d) A process-variable-actuated contact closure
output (PV contact).

(e) A contact output that responds to the difference
between PV and CPA analog inputs (DEV contact).

(4) Some controller features are configurable by man-
ual input, and others are selectable by setting switches or
jumper wires. The configuration methods vary with the
specific manufacturer and model. The controller will have
the sdlection of features for its inputs and outputs as
shownintable 2-1.

Table 2-1
Controller Features
Input Output Feature
PV Scalable to the range of the input
transmitter.
CPA Adjustable bias of setpoint relative to the
PV input range.
CPA Adjustable ratio of setpoint relative to
the PV input range.
CPA High and low limits of setpoint
adjustment.
ouT Selection of direct-acting or
reverse-acting.
ouT Adjustable high and low limits.
ouT Adjustable bias (Manual reset).
ouT Seiection of manual or automatic control.
ouT Selection of proportional (P), proportional

plus integral (Pi), and proportional plus
integral plus derivative control modes

(PID).

ouT Anti-reset windup.

ouT Selection of manual tuning or self
tuning.

ouT Manual reset feature for use when the

controller is configured from proportional
mode only and is manually tuned.

PV Contact  Adjustable contact setpoint.
PV Contact  Adjustable hysteresis or deadband.

DEV Contact Adjustable contact setpoint.
DEV Contact Adjustable hysteresis or deadband.

(5) Theoutput control modesthat can be used in com-
bination are:

(a) Proportional mode, which varies the output
proportiondly to the error between the PV input value and
the controller setpoint.

(b) Integrd mode, which modifies the output signal
as a time-related function of the error between the PV
input value and the controller setpoint.

(c) Derivative mode, which modifies the output sig-
nal as function of the rate of change of the error between
the PV input value and the controller setpoint.

(6) Each of these control modes has an assignable
constant, which is adjusted in the process of tuning the
controller.

(7) The integral mode will have a feature that auto-
maticaly stopstheintegration of the error signal when the
controller output signal reaches its minimum or maximum
value. This feature is known as anti-reset windup. If the
process being controlled does not respond to the controller
output for a period of time (such as an overnight
shutdown), continuing the integration of the error signal
during that period would result in the controller failing to
respond to control the process immediately on startup.
Without the anti-reset windup feature, the controller would
reversetheintegration process on startup, but the reversal
would require atime period equal to the time period of the
integration during shutdown.

(8) The controller will have the following selectable
modul ating-control functions:

(a) Sdf tuning of control-mode constants.

(b) Manual tuning of control-mode constants.

(9) Self tuning alows the controller to select the
optima combination of proportional, integral, and deriva-
tive control-mode constants. The controller continues to
use these sdlected constants until the self-tuning control
function is again selected. Applications where self tuning
isused are asfollows:

(a) Mixed-air temperature control.

(b) Heating-coil temperature control for multizone
hot-deck and dual-duct hot-duct applications.

(c) Modulating-value and modulating-damper
preheat-coil control.

(d) Coaling-coil discharge-temperature control for
multizone cold-deck, dua-duct cold-duct, and VAV-
system discharge temperature.

(e) Relative-humidity control.

(f) Supply-duct static-pressure control.

(9) Return-fan volume control.

(h) Hydronic heating supply-temperature control.

(i) Hydronic-heating space-temperature control.

(10) If integral and derivative control modes are not
appropriate for an application, the controller is manually
tuned for proportional-mode control, and the integral and
derivative mode constants are set to zero. Applications
where manual tuning is used are as follows:

(a) Relative-humidity high-limit control.

(b) Outdoor-air scheduling of hydronic-heating
supply temperatures.

(c) Spacetemperature control of single-zone
HVAC units and heating and ventilating units.

(11) Whenthesingle-loop digital controller is manu-
ally tuned to operate as a temperature controller in the
proportional mode, the proportional-band setting is deter-
mined by the use of equation 2-1.

PB (T x100)/Ts

Where:

Py
T

(eq. 2-1)

Proportional-band constant (percent)
Portion of the transmitter span required for
full-scale controller output change (degrees F)

T, = Temperature span of transmitter (degreesF).

(12) If the controller output isto change from 4- to
-20 milliamperes over the range of 0 to 60 degrees F and
the transmitter range is in the range of minus 30 to plus
130 degrees F (a span of 160 degrees F), the use of equa
tion 2-1 would result in:

PB = 37.5 percent.

(13) Whenasingle-loop controller is configured for
proportiona control mode only, the output of the controller
must be set to match the value required for the application
when the PV input value coincides with the controller
setpoint. Thisisaccomplished by configuring the manual
reset setting as a percent of controller output. The effect of
this configuration parameter is to shift the controller
output throttling range with respect to the controller
setpoint. As an example, refer to figure 2-6 which shows
the setpoint relative to the controller throttling range for
manual reset settings of 25, 50 and 75 percent for adirect-
acting controller.

(14) When used as an economizer-switching
controller, the functions of the controller inputs and
outputs will be as follows:

() A return-air temperature transmitter connected
to the PV input.

(b) An outside-air temperature transmitter con-
nected to the CPA input.

(c) Anoutput contact configured as PV and acting
asaswitch.

(d) Anoutput contact configured as DEV and act-
ing as aswitch.

(15) As the outside-air temperature changes, the
potentia for using outside air for cooling is affected. When
the outside-air temperature is lower by a specified number
of degrees than the return-air temperature, outside air can
be used for cooling; when the reverse is true, outside air
must be at minimum quantity. The PV contact setpoint
prevents the use of outside air beyond minimum guantity
until the return-air temperature rises to its set-point. When
the return-air temperature rises to the PV contact setpoint,
the HVAC system is no longer experiencing a heating load.
The DEV contact setpoint alows the use of outside air
until the outside-air temperature approaches the return-air
temperature. The DEV contact then puts the dampers
under control of aminimum-position switch. A minimum-
position switch is a device whose control output is
manudly modulated to an actuator that then remains fixed
until reset manually. Both conditions must be met PV and
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DEV contacts closed) for the use of outside air beyond
minimum quantity.
p. Function Modules.

(1) Therearecontrol functions required with less fre-
quency in HVAC control applications than those included
in the prescribed version of the single-loop controller. Con-
trol devicesto perform specific control functions not avail-
ableinthe single-loop digital controller are called function
modules in this manual . Function modules will be located
in the HVAC control panel, except as noted. Function
modules accept contact, analog, or gradua manual
adjustment input signals to provide:

() Signal sdlection,

(b) Signal inverting,

(c) Contact transfer output from analog signal
input,

(d) Contact transfer output from the comparison of
two analog input signals, and

(e) Generation of constant analog-output signals.

(2) A minimum-position switch is a manually-
adjustable modulating output device used to hold an
outside-air damper open to admit minimum ventilation air.
This same device is used as a temperature-setpoint
sdlector. Inthisapplication, it alows manual adjustment of
the CPA input signal to asingle-loop digital controller. In
the case of cartain single-zone HVAC systems, this device
is wall-mounted and accessible to the occupant for
adjustment of the space-temperature controller setpoint.

(3) A signa invertor is a modulating-input and
modul ating-output device used to reverse the direction of
its input. The signal reversal is required when spring-
return position of a valve or damper actuator has been
chosen to operate with a direct-acting signal, and when an
actuator with which it must be sequenced has been chosen
to operate with a reverse-acting signal. For example, a
chilled-water cail isused for dehumidification and cooling.
The chilled-water-coil valveis chosen as NC becauseit is
to be sequenced with a NO heating-coil vave, and isto
close when the control signal is removed during fan
shutdown and during the unoccupied mode. The direct-
acting temperature-control signal is correct for this
combination. The humidifier control valve is aso chosen
as NC becauseit dso isto close when the control signal is
removed on fan shutdown and during the unoccupied
mode. The humidity-control signal must be reverse-acting
when it operates the humidifier valve, and must be direct-
acting when it operates the cooling-coil valve. A signa
invertor is used to reverse the signal direction of the
humidity controller signal to the cooling-cail valve.

(4) A signa sdector is a device with multiple
modulating inputs and a modulating output. This deviceis
used to select the highest or the lowest of itsinput signals
asits output.

(5) A sequencer is a modulating-input and time-
delayed contact-output device which operates its outputs
in sequence and is used in applications that require the
operation of stages in refrigeration control from a
modulating-control signal. The time delay prevents all
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stages of refrigeration from starting simultaneously when
the HVAC system starts. The contact opens instantane-
oudy on power failure (or on signal failure) to the
sequencer. Thisinstantaneous action prevents all stages of
refrigeration from starting simultaneoudly if electric power
to the control system isinterrupted momentarily.

(6) A loop-driver module is used where required to
allow modulating-control circuitsto be designed within a
600-ohm impedance limitation. A loop-driver module can
be any modulating-input or modul ating-output device used
for this purpose alone or while performing an additional
control loop function. Signal selectors and signal invertors
strategically located in control loops often perform such
dual service.

g. Relays, including time-delay relays. All relays,
including time-delay relays, will be 2-pole, double-throw
devices; they are used for control-system interlocking
functions and will be located in the system’s HVAC con-
trol panel.

r. Timeclocks.

(1) Atimeclock will be used to control the timing of
the modes of operation of an HVAC control system when
the control system is not interfaced with EMCS. When a
time clock is used, it will be located in a HVAC control
pandl. The modes of operation are occupied, unoccupied
and ventilation delay.

(2) Thetimedock will beadevice that accepts atime
schedule by manua input through a keypad and an
alphanumeric display. The time clock features will be:

(a) Two independently-time-controlled contacts.

(b) A program of 4“on” events and 4 "off' events
for each contact.

(c) 365-day schedule.

(d) Twelve selectable holidays.

(e) Standard-time and daylight-time adjustments.

(f) Timed override of programs.

(g) Battery backup of memory.

(3) When used to time the modes of operation of air
handling systems, one contact of the clock will be used for
occupied and unoccupied timing; the second contact will
be used for ventilation-delay mode timing. For other
applications, the contacts may be used as convention to the
design.

2-4. Control loop

A control loop performs three distinct functions. sensing
of avariable astheinput to a controller; decision-making
or control based on the valve of the input; and output or
actuation as a result of control. Figure 2-7 illustrates a
smple control loop. Theinput signal is a continuous ana-
log of the process, and the controller either continuously
sees the input or continualy scans it The controller
changes its output as required by changesin itsinpuit.

2-5. Open control loop

When a control loop senses a variable, makes a control
decision, and sends an output signal to a control device

without recelving input information related to the results of
its control action, the control loop is said to be an open
loop. There are some open-loop control applications used
in HVAC control, such as:;

(1) Operation of pumps above or below a certain out-
side temperature.

(2) Automatic stopping of HVAC systems based on
outside-air temperature.

(3) Scheduling of hydronic-heating supply tempera-
tures based on outside temperatures.

(4) Timing and time-delay operations. Figure 2-8
illustrates an open control loop.

2-6. Closed control loop

When the controller changes its output decision based on
updated input information, the control loop issaid to be a
closed loop. Most of the control loops used in HVAC
control are closed loops. Control of coil-air discharge tem-
peratures is an example. The transmitter, connected to a
temperature-sensing element in the air stream passing
through the coil, signals the temperature controller; the
controller makes a decision as to whether to open or close
the valvethat dlowswater to flow through the coil; and an
actuator operates the valve. The feedback in this example
is the continuous input to the controller of a changing
temperature signal from the coil-air discharge temperature
sensor and transmitter. The transmitter continuously
updates the controller on temperature information from the
sensor, and the controller modifies its output to control the
valve. See figure 2-9 for an example of a closed control
loop.

2-7. Application of open-loop control and
closed-loop control to HVYAC Systems

a. Openloopsand closed loopsin combination. Open
loops and closed loops are used in combinations in some
HVAC control-system applications. A perimeter hydronic-
heating system may have open-loop components to start
and stop the pump and to schedul e the supply-water tem-
perature based on outside-air temperature. At the same
time, it may have a closed loop for the control of the
supply-water temperature.

b. Closedloopsin combination. There are some HVAC
control applications that use two simultaneously-acting,
closed contral loops to actuate the same device. An exam-
ple, as shown in figure 2-10, is control of a duct humidi-
fier. A space relative-humidity transmitter is the primary
input to a relative-humidity controller for the humidifier
vaveinaclosed loop (10op 1). A duct-mounted humidity
transmitter downstream of the humidifier signals a high-
limit relative-humidity controller, which provides a high-
limit closed-loop control function (loop 2), by overriding
the primary controller loop 1 to shut off humidification by
closing the valve if the relative humidity of the air stream
rises to the loop-2 relative-humidity high-limit setting.

2-8. Typical control modes

a. Two-position control.
(1) SomeHVAC equipment can be turned on and off

as a method of temperature control. This type of HYAC
equipment is not applied where temperature control
between close limitsis required.

(2) When athermostat or other control device cycles
equipment to maintain its setpoint the control mode is
called two-position control. A thermostat used for two-
position control opens and closes contacts for control
rather than providing a modulating output signal. The
contects either open or close when the temperature is at the
thermostat setpoint. The state of the contact reverses when
the temperature changes in the proper direction. Such
thermostat contacts usually either open on a temperature
rise (in a heating application), or close on a temperature
rise (in a cooling application). The temperature at which
this happens depends on the switch temperature
differentia (hysteresis).

(3) Anexample of two-position control is unit-heater
control, in which a g, thermostat turns on a unit heater
when the space temperature drops to 65 degrees F and
turnsit off when the space temperature rises to 67 degrees
F. Thethermodtat is said to have a differential of 2 degrees
F and a setpoint of 65 degrees F. Thistype of control can
result in a dight undershoot below the lower end of the
differential, and adight overshoot above the higher end of
the differential .

(4) Thethermostat may turn off the unit at 67 degrees
F, but the heating load may decrease due to increasing
outside-air temperatures. In this event, water circulating
through the unit coil, which will then be acting as a
radiator with the fan off, may raise the temperature in the
space slightly above 67 degrees F as an apparent over-
shoot. Even though the unit turns on when the space tem-
perature drops to 65 degrees F, the space temperature may
fall dightly below 65 degrees F after the unit starts. This
depends on the heating capacity of the unit. If the heating
load decreases, the temperature may subsequently rise to
66 degrees F, and stay at that temperature for a
consderabletime, while the fan continues to run. A similar
situation can happen after the unit heater shuts off at 67
degrees F and the space temperature drops to 66 degrees
F. Consequently, the space temperature may be 66 degrees
F with the unit heater fan either running or stopped. A
graphic representation of two-position control is shown in
figure 2-11.

b. Modulating Control. A simple control loop is
shown in figure 2-12 as it would be applied to heat
outside-air for ventilation using a pneumatic-valve actuator
rather than an electric- or electronic-valve actuator. The
controller operates an |F in response to the signal of the
temperature-sensing element in the air duct, downstream
of the cail, via a transmitter. The |IP pneumatic output
signal modulates the positioner on the pneumatic valve
actuator. The positive-positioner output throttles main air
to the actuator, which moves the valve stem. This example
is used to explain two modes of modulating control that
are applicable to the control of valves, dampers, inlet
vanes, and other devices. The modes applicable to most
HVAC-control applications are:

(1) Proportional mode (P).



(2) Proportional plusintegral mode (PI).

c. Proportional mode (P). The most common control
mode in HVAC control is proportional mode.

(1) Proportional mode is used for the following
applications:

(&) Asamethod of scaling an outside-air tempera-
ture signal to schedule water temperatures for heating.

(b) As a method of space-temperature control for
single-zone air-handling units.

(c) Asamethod of controlling terminal units that
can be modulated.

(2) Fgure 2-13 showsthe kind of control that would
be expected if the controller in figure 2-12 were configured
for the proportional-control mode. The controller
modulates its output signal in proportion to variations of
the input signal. For example, the controller, operating
through the IP, sends a 3-psig air signal to the normally-
open preheat-coil valve when the discharge temperature is
43 degrees F, and it sends a 15-psig signal when the
discharge temperature is 47 degrees F. The 3-psig signal
completely opens the valve to heating, and the 15-psig
signal completely closes the valve to heating. The
controller/IP combination has a proportional sensitivity of
3 psi per degree F, and throttles the valve over arange of
4 degrees F. The setpoint of the controller is 45 degreesF,
but the temperature a which it is controlling is somewhere
between 43 degrees F and 47 degrees F. It takes a 4-degree
F change in controller-output signal for the valve to go
from full heating to no heating.

(3) On afall in outside-air temperature, the heating
load increases. The resultant drop in temperature at the
sensor causes the transmitter to signal the controller to
lower its output to the IP transducer. The IP transducer
lowers the contral air pressure to the normally open valve,
allowing more heating medium to pass through the cail,
thereby returning the discharge temperature amost to the
temperature maintained before the fal in outside tem-
perature. Increasing the controller's sensitivity would
shrink the full heating/no heating temperature range;
decreasing its sensitivity would increase that range.

(4) The phenomenon that prevents the proportional-
control mode from achieving its control point exactly at
setpoint is called "offset due to loan". This occurs when an
equilibrium is reached between HV AC-system output and
the load imposed on the HVAC system. When this
equilibrium occurs, the discharge temperature does not
change. This means that the proportional-maode controller
does not change its output and cause a change in the
HVAC-system output. Conversely, without the changein
HVAC-system output to drive the temperatures toward the
controller setpoint, the controller output does not change.
Therefore, at these equilibrium points, the controls do not
bring the system back to setpoint.

(5) Figure 2-13 shows the relationship between coil
discharge temperature and controller/IP output in response
to changes in outside-air temperature. Except between
point A and B the controller/IP output is proportional to

the discharge air temperature. Between points A and B, the
coil discharge air temperature isthe same as the outside-air
temperature. At points A and B, with a cail discharge
temperature of 47 degrees F, the output is 15 pounds and
the valve is closed. At the fifth hour when the discharge
temperatureis at the 45 degrees F setpoint the controller/IP
output is 9 pounds and the valve is half open. If the valve
is closed at 47 degrees F outside-air temperature and is
half open with a twenty-degree pickup at 25 degrees F
outside-air temperature, then by extrapolation the valve is
fully open at outside-air temperatures of 3 degrees F and
below. Assoon as the air temperature leaving the coil, the
incoming outside-air temperature, and the heating action of
the coil reach an equilibrium, the valve remains at a given
position until the equilibrium is disturbed by changesin
the outside-air temperature.

(6) For a given load on the system, there is some
optimal proportional-sensitivity adjustment at which the
controller will be in stable control and close to the set-
point. In some HVAC control applications, proportional
control may function quite well with a high-sensitivity
adjustment. A high-sensitivity adjustment resultsin anar-
row range of temperature drift from setpoint while the
controller changes its output from full output to minimum
output. Too high a sensitivity adjustment causes the con-
trol point to continuously overshoot and undershoot the
setpoint. In other control applications, stable control may
not be achievable with a high-sensitivity adjustment. A
low-sensitivity adjustment resultsin awide range of tem-
perature drift from setpoint while the controller changesits
output from full output to minimum output, but control is
usually more stable. After the controller sensitivity has
been adjusted, changing conditions of load due to seasonal
and other factors tend to make the adjustment less than
optimal. This phenomenon is afunction of HVAC-system
capacity and HV AC-system response to load changes. The
senditivity of aproportional controller to process variable
changesis called proportional gain.

(7) Aslong asthe proportional controller is control-
ling inastable fashion, at varying load conditions, at some
control point near the setpoint and the proportional-gain
setting is optimum, the controller has achieved the most
precise control of which it is capable.

d. Proportional plusintegral mode (PI).

(1) Many control applications require a controller that
can diminate offset due to load and can control very close
to setpoint. To achieve closer control than is available
from the proportional-control mode, some automatic
adjustment has to be made to the controller output to
change the actuator position without changing the setpoint
or the proportiona-gain setting. The method used to adjust
the contraller output for changesin load is called "integral
mode". Integral mode adds a gain component algebraically
to the controller output. This component is time-
proportiona to the difference between the setpoint and the
stable control point produced by the controller's
proportional gain. This difference is caused by the offset

due to load and is called steady-state error, which is the
error between control point and setpoint when a balance
between the load on the system versus the system capacity
output and controller output is established. Steady-state
error differs from the transitory error between set-point
and control point due to an upset in the process, such as a
changing load or a step change in setpoint.

(2) Theintegrd mode adds a component of output to
the output of the controller that is produced by the con-
troller's proportional gain. The size of the component is
determined by theintegral gain multiplied by the error. As
the error decreases, the size of the component integrated to
the output signal also decreases, and becomes zero when
the controller is controlling at the set-point. This added
component of output causes the valve-actuator-stroke
position to change. This change in valve capacity resulting
from the change in the actuator-stroke position upsets
equilibrium or prevents equilibrium from occurring until
the control point reaches setpoint. This action causes two
things to happen. The resulting temperature change due to
the change in valve-actuator-stroke position causes the
proportiond gain to change its component of output signal
at a magnitude proportional to the change in the
temperature being sensed. While this is happening, the
error changes because the control point is closer to
setpoint, and this in turn causes the integral gain to make
a change in the magnitude of its component of the output
signal due to the changing value of the magnitude of the
error between control point and setpoint. There will be no
further change in the proportional-mode or integral-mode
output components when the steady-state error is zero.
Because of the combined action of both of these control
modes, the controller can reduce the offset to zero, or
nearly zero, and can establish a steady-state equilibrium of
HVAC system control at avalue very near setpoint. This
type of contral is called Proportional-Integral (Pl) control.

(3) Seefigure2-14 for anillustration of proportional
plusintegra control modes. The upper graph of the figure
is identical to the upper graph of figure 2-13. The lower
and middle graphs provide a comparison of the
proportional-mode controller output and resulting coil-air
discharge temperatures (light lines) versus those of a Pl-
mode contraller (dark lines). In the beginning of the middle
graph the integral-mode component is positive and is
added to the proportional mode component. This addi-
tional pressure closes the normally-open valve where the
outside-air temperature reaches setpoint 45 degrees F,
instead of at point A, at which the coil discharge-air tem-
perature is 45 degrees F plus half the controller throttling
range or 47 degrees F (45 $ 4/2). The 47 degrees F tem-
perature would have occurred with proportional control, at
point A. Similarly, when the outside-air temperature falls
to 47 degrees F. the integral -mode component prevents the
valve from opening until the outside-air temperature falls
below 45 degrees F. The proportional only mode controller
would have begun to open the valve at 47 degrees F
outside-air temperature et point B. From the time the valve

beginsto open at the outside-air temperature of 45 degrees
F until the fifth hour when the outside-air temperature is
25 degress F the integral-mode component of the controller
output signal becomes smaller until at the fifth hour the
integral-mode component becomes zero. This additional
pressure on the normally-open valve allows the coil air
discharge temperature to remain at the 45 degrees F
setpoint instead of controlling between 47 and 45 degrees
F when the outside-air temperature is between 45 and 25
degrees F as would have occurred with proportional only
control. Similarly, when the outside-air temperature falls
below 25 degrees F, the integral-mode component is
subtracted from the proportional-mode component of the
controller output signal to open the valve enough to keep
the discharge-air temperature at 45 degrees F rather than
at 43 degress F aswould have occurred with proportional-
mode control.

e. Effectsof rapid load changes. Therate of change of
load imposed on the HVAC system by the process affects
how well the controller will perform itstask of controlling
at setpoint. The temperature of the outside air changes
relatively dowly, and the temperature conditions inside
aso require sometimeto change. Inside conditions change
as a function of air-temperature changes made by the
HVAC system, which warm up or cool down masses of
materiad within the building. Inside conditions also change
as functions of lighting load and occupancy. Because of
these relatively dow rates of change, most of the HVAC
processes that require gradual controller output changes
can be controlled quite well with proportional plusintegral
(Pi) control modes. Except for lighting loads on the HVAC
system, these variable changes are relatively slow
compared to the rates of change of variables that affect
some non-HVAC processss. Lighting loads are sometimes
imposed onthe HYAC system quickly. Thisis an example
of a step change in the process variable. The combined
actions of proportional and integral modes are not aways
adequate to control rapidly-changing variables.

f. Proportional-integral-derivative (PID) mode.

(1) Some processes require a controller that can
respond to rapidly-changing process variables. One answer
to control of rapidly-changing processes has been the
addition of another control mode called derivative mode.
When this control mode is added to proportional -integral
control, the combination is known as proportional -integral -
derivative (PID) control mode. The PID control mode adds
a component algebraicaly to the output signal; this
component is proportiond to the rate of change of the error
between the control point and setpoint. This automatic
adjustment also affects the proportional and integral output
componentsin amanner analogous to the way in which the
integral component affectsthe proportional component. As
the valve-actuator-stroke position changes, the temperature
changes asaresult of changing flow through the valve, and
the rate of error-signal change between the control point
and setpoint varies as the control point comes closer to
setpoint.



(2) There are afew HVAC-control applications that
aredifficult for either P-mode or PI-mode control because
of the fast rates of change of the process variables. One
such application is the control of tankless hearing
converters, such as might be found in some domestic hot-
water-heating applications. The |-mode component of Pi-
mode takes care of the varying range of offsets due to
loads that occur in domestic hot-water heating appli-
cations. For example, high-rise residential buildings have
morning and evening peak periods of demand for hot-water
use. These peak-demand periods drive the domestic hot-
water temperature to the low end of the offset range.
Periods of relative nonoccupancy, such as late morning and
early afternoon, drive the temperature to the high end of
the offset range due to the minimal demand for domestic
hot-water use. Periods of relative inactivity during
occupancy, such as late evening and very early morning,
require practically no domestic hot water. It isthis period
that defines the top end of the offset temperature range.
The P-mode control alone does not control the water
temperature very close to the controller setpoint in this
kind of application. The addition of the | mode to the P
mode makes the offset range much narrower than would
occur with P mode done. However, Pi modes alone cannot
handle the unpredictable diversity of demand as the peak
periods start and end. What happens during the period of
light demand for hot-water use is that the turn-on of a
shower or the startup of a dishwasher produces an upset in
equilibrium that has a greater effect than the same event
would have during a period of heavy demand. Periods of
heavy demand tend to filter out some of the effect of a
single turn-on.

(3) Inthe control-loop applications where manual tun-
ing is prescribed, the proportional-mode constant is set as
the result of a calculation. These applications cannot use
the integral or derivative control modes. Sdlf tuning is
prescribed for these applications because finding the
optimum settings manualy is difficult and time-
consuming. When controllers self-tune, these settings are
automatically optimized, and an optimized derivative-
mode setting is selected due to the controller's sdlf-tune
feature. The effects of adding the | and D modesto the P
modeisillugtrated in figure 2-15, which shows the results
that would be expected with a step change in set-point.
Step changes in setpoints rarely occur in HVAC control
system applications. Theillustration of the step changein
setpoint is used to graphically explain the actions of P, I,
and D modes.

2-9. Standard HVAC-system control loops

a. Standard HVAC-system control loops will be used
for the design of HVAC-control systems. The standard
HV AC-system control loops use the single-loop digital
controller and additional components. These components
are collectively called the control-loop logic. The logic
varies with the loop requirements, and its purposes are to
interface the loops with the operational-mode signals, to
modify signals, and to interface with EMCS. The control-
loop logic is implemented by the use of combinations of
relays and function modules.
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b. Reay coils are activated by occupied-unoccupied,
ventilation-delay, safety-shutdown, EMCS-override, and
other signals externa to the HVAC-control system. The
contacts of the relaysinterrupt analog signals of controllers
and function modules, provide inputs to on/off control
loops (such as Sarter circuits), and operate HVAC control-
panel pilot lights.

c. All therdays, contacts, and function modules are
defined for each loop. Therdative physical locations of the
relays and function modules will be assigned in the HVAC
control panels.

d. Each of the standard HVAC control loops is
described in this technical manual as the designer will
show them on the contract drawings. Each control loop on
the drawings will show the dements of the control loop,
such as sensor-transmitters, controller, function modules,
relay contacts, current-output to pneumatic signal
converter (IP), and final actuator. The control loops will
show all the field-mounted and panel-mounted devices for
a standard loop. Each control loop will show function
modules and relay contacts that are defined for the
interfacing of analog control loops with on/off control
loops.

2-10. Sizing and selection of control-system
devices.

a. Thedesigner will estimate the required motor horse-
power of the HVAC control-system air compressor, to
provide the proper requirements for incorporation into the
electrical power design.

b. Control-system devices such as dampers and valves
are sized on the basis of capacity requirements and allow-
able pressure drops and velocity ranges. The selection of
the type of valve or damper is based on factors such as
allowable leakage rates and available or practical size
ranges.

c. The designer will analyze piping-circuit pressure
drops and their effects on the system's pressure drop due
to the control valves, based on criteria presented in this
manual. The designer will calculate the required liquid-
flow coefficients © for each valve and will show the C, for
each valve. The designer will make sure that pumps are
selected to include the pressure drop through the total
circuit, and will then show the pressure against which the
valve must close.

d. Thedesigner will size control dampers based on the
criteria presented in this manual and will show the size of
each damper.

e. Ovesizing of control devices would result in
systems in which it would be difficult or impossible to
obtain satisfactory control-loop operation, regardless of
the quality of the controller and components used. The
designer must not assume that self-tuning controllers will
compensate for oversizing of control devices. Thel and D
modes compensate for HV AC-system load variations and
HVAC-system equilibrium upsets, but do not compensate
for incorrect valve and damper sizing.

2-11. Sizing of the air-compressor motor
a. Calculation. The designer will estimate the required

alr-compressor-motor size, using equation 2-2, in order to
coordinate with the power circuit serving the air
COMPressor.

Tr=(Qc x 100) / Qd (eg.2-2)

Where:

Tr = Air-compressor running time (percent).

Qc = Control-system air consumption in standard
cubic inches per minute (scim).

Qd = Air compressor delivery in standard cubic
inches per minute (scim).

b. Running-time criteria. The designer will use the
following running-time criteria for sizing air-compressor
motors:

(1) New air compressors. The running-time design
criterion for new air compressors is that the running time
will not exceed 33%2 percent. Thisrequires that, initialy,
the delivery capacity of the air compressor must be at |east
three times the estimated air consumption for the whole
control system that it serves. The designer will count the
number of each type of air-consuming device shown on the
schematics and apply their characteristic consumption
valuesto arrive at the consumption total. The designer will
base the cdculation on the air consumption for each device
as shown in table 2-2.

(2) Exigting air compressors. Control systems can be
added to an existing air compressor until the running time
reaches 50 percent.

Table 2-2
Alr Consumption of Control Devices

Air consumption
Device type (scim)

IP e 435
Butterfly-valve actuator positive
positioner or inlet-vane

actuator positive positioner.............cccececiiniicnniinien, 865
Damper or valve positive

POSIHIONET ...oooveiiiciiei e e 10
EP et e 0

c. Application of air-consumption values to sizing of
air-compressor motors. An example of the application of
thevaluesin table 2-2 isasfollows:

51Ps @ 435 scim each =2,175scim
15 valve and damper positioners
@ 10 scim each 150 scim
2,325 scim
Therefore,
2,325 x 3 (for a running time) =6,975 scim

A check of manufacturers' catalog shows that a 1-hp com-
pressor delivers about 6,560 scim and that a 1¥2-hp com-
pressor delivers about 8,900 scim. Thus, a 1-hp compres-
sor for the indicated control system would run 35 percent
of the time, while a 1%>-hp compressor would run 26 per-
cent of the time. On the basis of this estimate, a power
circuit capable of serving a 1%2 hp motor would provide
adequate margin to compensate for variances in the air
consumption of control devices selected by the control-
system vendor.

2-12. Determination of control-valve flow
coefficient (C,).

a. Thecontrol valve flow coefficient (C,) is a number
representing the number of gallons of 60-degree F water
that will flow through avalve with a1 psi pressure drop.
The designer will calculate and select the liquid-flow co-
efficient (C) of all modulating-control valves required for
the design, and show the pressure against which the valve
must close. The sdlection of the valve's C, provides the
guidelines for the vendor's selection of the valve's port
size. The close-off pressure information gives the required
criterion for sizing the actuators for the valve selected by
the vendor.

b. A valve that is operated in a 2-position open and
closed manner will be a line-size valve with the largest
available C,, in order to reduce the pressure drop across the
vave and the pumping horsepower required. This applies
to dual-temperature-system changeover valves and dual-
temperature fan-coil-unit 3-way valves.

c. Thedesigner will sdect the C, of the valve based on
the maximum flow and the pressure drop for the valve.
The sdected control valve will be checked against
manufacturer's catalogs to ensure that such avalve C, is
available in a product of the control-valve manufacturers.

d. Toensuregood control characteristics, the pressure
drop through the control valve at full flow must be greater
than the pressure drop through the coil and piping circuit
(without the control valve) between the point where the
piping circuit connectsto the supply and return mains. The
pressure drop through the control vave will then be at
least 50 percent of the total pressure drop through the
circuit. The valve C, must be specified accordingly. For
liquid service, the vendor may supply a control valve with
a plus 25 percent deviation from that specified. The
designer must check to ensure that the pressure drop
through the valve will be acceptable at both the specified
C,and at aC, 25 percent greater than specified. Asthe C,
increases the pressure drop through the valve decreases.
For steam service, the vendor must supply a control valve
with a C, not less than the value specified and not larger
than the manufacturers next larger value.

2-13. Calculation of liquid-control-valve flow
coefficient (C,)

a. A physica phenomenon known as cavitation is a
cause of valve failure. Cavitation is caused when the
velocity through the valve creates an absolute pressure
lower than the vaporization pressure of the liquid. To
avoid cavitation, use equation 2-3 to determine the
maximum allowabl e pressure drop through open valves.

Pm = Km (Pe - Pv) (eg. 2-3)
Where:
Pm = Maximum alowable pressure drop through the
valve (psid).

Km = Valve pressure-recovery coefficient (use 0.45).

Pe=Absolute pressure entering the valve (psia) (by
design calculations).

Pv = Absolute vapor pressure of the liquid (psia)
(from steam tables).



For examples: If 200-degree-F water with an equivalent
vapor pressure of 11 .53 psiaisto flow through avalve
with aninlet pressure of 20 psig (34.7 psia), the maximum
allowable pressure drop through the valve, as a result of
using equation 2-3, will be 10.43 psid.

b. The pressure drop through the control valve must be
at least 50 percent of the total pressure drop, asfull flow,
through the circuit. Continuing with the above example,
assume a coil with a flow of 50 gpm and a 4 psig drop
through the coil, piping and fittings between the mains.
The maximum allowable pressure drop to avoid cavitation
was calculated to be 10.43 psid. An initial valve pressure
drop selection of 6 psid will prevent cavitation and provide
sufficient valve pressure for good control. The
C, can be calculated from:

C, = Q 1w
(P/G]

(eq. 2-4)

Where:

C, = Liquid-valve flow coefficient (gpm per psid)

Q = Gallons per minute (gpm).

P = Pressure drop through valve (psid).

G = Specific gravity of the liquid.
The specific gravity of water is 1. Asthe result of using
equation 24, C, = 20.41. If the designer specifiesa of 20,
the vendor can provide avalve with aC, in the range of 20
to 25. If the vendor provides a valve with a C of 25, the
pressure drop would be 4 psid as calculated by using
equation 24. This valve selection would make the pressure
drop through the valve exactly 50 percent of the drop
through the total piping circuit. Knowing that a plus 25
percent deviation in valve C, selection is allow-able, the
designer could select a C, which would result in alarger
pressure drop through the control valve. With aC, of 16,
the valve pressure drop will be 9.76 psid as calculated by
the use of equation 24. This is less than the maximum
alowable valve pressure drop of 10.43 psid, and the circuit
pressure drop would be 4 psid (coil and piping) plus 9.76
psid (valve) = 13.76 psid. A C, of 16 would result in the
pressure through the valve being 71 percent of the drop
through the piping circuit. If the designer specifiesa C, of
16, the vendor can provide a valve with a C, in the range
of 16 to 20. Cavitation will not be a problem in this
exampleif the water temperature used in 200 degrees F, or
less. In most HVAC control-valve applications, water
temperatures are less than 200 degrees F. When the hot-
water temperature is scheduled from outside air, 200-
degree-F water will occur only on design heating days.
Also, cavitation should not be a problem in hydronic
systems when expansion tank pressures are adjusted so
that cavitation is not present at the pump inlet. Selection
by the designer of acontrol valve C, of 20 rather thanaC,
of 16 would be technically acceptable according to the
criteria of this TM, but would not be a good engineering
practice. If the larger C, is used as the basis of design, the
contractor may provideavalve with aC, of 25. A C, of 25
may result in the valve pressure drop being less than 50
percent of the drop through the circuit. The basis of design

valve C, is selected because of the drop expected through
the basis of design coil and the piping system
configuration shown by the designer. The coil provided by
the contractor, field piping conditions and aging of the
piping system are factorswhich could result in the installed
valve being less than 50 percent of the drop through the
coil when the contractor provides avalve with the largest
C, permissible.

c. Review of manufacturers' catalogs shows the ready
availahility of valves with C, in the range of 16 to 25, as
listed in table 2-3.

Table 2-3
Avallable Control Valves with C, in the Range of 16 to 25

Valve Type Valve Size Cy
Normally-open water valve 1-inch 18
Normally-open water valve 1% inch 222
Normally-open water valve 1% inch 17
Normally—open water valve 1% inch 16
Normally-open water valve 1%2 inch 25
Normally-open water valve 1%z inch 20
Three-way valve 1-inch 18
Three-way valve 1-inch 18.1
Three-way valve 1% inch 16
Three-way valve 1% inch 17
Three-way valve 12 inch 25
Three-way valve 1%z inch 21

At this point, the designer will check the line size of the
piping circuit and check the piping size of the reducing
fittings. A good choice for the designer would be to show
the C, at 16 and the maximum close-off pressure at 20
psig in this example because there are more control vaves
available in the range of 16 to 20 (a plus 25 percent devi-
ation) than there are in the rage of 20 to 25 (a plus 25
percent deviation).

d. The C, calculations for selecting a butterfly valve
areidentical to thosefor any valve except that the valve C,
is selected using the calculated C, at a maximum of 70
degrees open when the vaveis to be used in a modulating-
control application. (The butterfly valve does not have a
good modulating control characteristic curve between 70
degrees and 90 degrees open.)

e. When sdecting control valves for liquid service
other than water, the designer will take into account the
specific gravity of the liquid. If the liquid has a specific
gravity of 1.05, for the same gpm, the liquid flow will
produce a 5 percent greater pressure drop through the
vave.

2-14. Calculation of steam-control-valve flow
coefficient (C,)

a. Cdculaing and selecting the required C, of a steam
valve requires the designer to consider:
(1) The saturated or superheated condition of the
steam.
(2) Theinlet pressure at the valve.
(3) The minimum required steam pressure entering
the steam-condensing apparatus at peak heating load.

b. thedesgner will use equationsthat correct the liquid
C, for the compressibility of the steam. The designer will
takeinto account in his calculations that the limiting factor
of steam flow through a control valve is the flow that
occurs at critical pressure drop, and will use an appropriate
factor for calculating the critical pressure drop. The
designer will caculate the critical pressure drop across the
valve by using equation 2-5.

Pcr = Km (Pe) (eg. 2,5)
Where:
Pcr =  Ciritical pressure drop (psid).
Km=Vave pressure-recovery coefficient (use
0.45)
Pe= Absolute pressure of the steam entering the
valve (psia).

c. For seam-control-valve application using saturated
steam at a pressure drop across the valve less than the
critical pressure drop, the C, will be calculated using
equation 2-6.

Q (eq. 2-6)
C, = 211, + P) P]*

Valve flow coefficient (gpm per psid).

Pounds of steam per hour.

11 = Compressibility and conversion factor.

= Absolute steam pressure entering the valve
(psia).

= Albsolute pressure entering steam coil
(psia).

= Pressure drop through valve (psid).

d. When the drop across the valve will be at or greater
than the critial pressure drop and the steam is saturated,
the C, will be calculated using equation 2-7.

Q (eq. 2-7)
C, = 1714 P,
Where:
C, = Vaveflow coefficient (gpm per psid).
Q = Pounds of steam per hour.
1.74 = Compressibility and conversion factor.

Pe = Absolute pressure of entering steam (psia).

e. For superheated steam applications where the drop

across the valve is less than the critical pressure, the C,
will be calculated using equation 2-8.

Q( + 0.0007 T,)
C, = 2.11[P + P) P}

v

(eq. 2-8)

Where:
C, Valve flow coefficient (gpm per
psid).
Q = Pounds of steam per hour.
(1+ 0.0007 Tsh)=  Superheat factor.

Tsh = Superheat temperature in degressF.

2.11= Compressibility and conversion

factor.

Pe = Absolute pressure of the steam
entering the valve (psia).

Po = Absolute pressure of the steam

entering the coil (psia).
P = Pressure drop through valve (psid).
Tsh isthe Fahrenheit superheat temperature of the steam
reduced to the lower pressure from the higher pressure.
f. For superheated steam applications where the pressure
drop across the valve at or greater than the valve's critical
pressure, the C, will be calculated using equation 2-9.

Q@ + 0.0007 T,) (eq. 2-9)
C, = 114P,
Where:
C, = Valve flow coefficient (gpm per

psid).
Q = Pounds of steam per hour.
(1+ 0.0007 Tsh)=  Superheat factor.

Tsh = Superheat temperature in degrees F.

1.741 = Compressibility and conversion
factor.

Pe = Absolute pressure of the steam

entering the valve.

g. Anexampleof thecalculation required for the C, of
avave designed to handle saturated steam when the pres-
suredrop will belessthan critical is asfollows: Anair coil
requires 250 pounds of steam per hour entering the coil at
2 psig. The steam is generated by alocal boiler with the
boiler's operating pressure switches set at 5 psig "on" and
8 psig “off'. Assuming 5 psig at peak load at the valve
inlet and 2 psig at the valve outlet, the C,is11.34 as a
result of using equation 2-6. In this example, critical
pressure drop is not a limiting factor, because the coil
pressure at critical pressure drop would be (14.7 + 5) x
0.45 = 8.87 psia, which is not possible unless the system
is designed to operate at a high vacuum. A check of
manufacturers literature shows C, of 10, 12, and 13 and a
1-inch valve. A valve C, of 12 would be a good design
choice for this application.

h. When the calculation for steam-valve selection
resultsin a C, of greater than 55, the designer will select
two valves, with C, chosen to split the flow unevenly
between the valves, agood retio is one-third of the flow for
the smaller valve and two-thirds of the flow for the larger
valve, which, however, is not always achievable from the
normally available stock of valves. As an example of the
calculation required, a steam converter requires 6,000
pounds per hour of steam at 1 psig entering the converter
shell at peak load with the steam pressure reduced from
125 psig to 25 psig near the convertor. The critrical
pressureis 17.87 asaresult of using equation 2-5, and the
pressure drop across the valve is 25-1 = 24 psi, which is
greater than the critical pressure. The constant-enthal py
process of reducing the steam pressure from 125 psig to 25
psig resultsin 48 degrees of superheat. Therequired C, is
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89.1 asaresult of using equation 2-9. This C, is 3 percent
larger than it would have been if the steam were saturated
at 25 psig and C, were cadculated from equation 2.7. In this
example, the designer should show two valvesin paralld
and attempt to find available valves with C, of
approximately 60 and 30. A check of manufacturers
catalogs for this example results in the designer showing
vaveswith C, of 70 and 23 and a close-off pressure of 25
psig. The selection results from the following available
control valve combinations, any of which will meet the
designintent:

(1) 1lvalve2¥2inchsize, C, =74 and
1lvalve1l¥2inch size, C,= 18, or total C, =92

(2) 1valve2¥2inchsize, C, =70, and
lvalve1l¥2inch size, C, =23, or total C, =93

(3) 1valve3-inchsize C,=70.7, and
1valve 1l¥2inch, C,=23.1 or total C, = 93.8

2-15. Surge-protection provisions for
transmitter and control wiring

Because HVAC control-system transmitter signals and
single-loop controller signals are interfaced with EMCS,
the appropriate surge protection will be provided in the
HVAC control system design asdescribed in TM-5-815-2.

12
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Chapter 3
Standard Control Loops
3-1. General

The standard control 1oops described in this chapter con-
sist of control-system equipment and devices, arranged to
perform specific control-system functions. In the ensuing
discussions of the different types of control loops, all loop
devices (including transmitters) are shown, and their
associated indicators (such as thermometers) are included
where required. The sensing dements are included with the
transmitters and are not shown separately. Signals from the
transmitters represent the changing conditions at the
sensing elements. Also, the required panel-mounted and
fidld-mounted pneumatic indicators are shown.
Modulating-control signals from controllers are converted
from 4-20 milliamperes to 3-15 psig by a current-to-
pneumatic transducer (IP) connected to a positive posi-
tioner (PP) of avalve or damper actuator as applicable.

3-2. Cooling-coil-temperature control loop

a. The cooling-coil-temperature control loop is a
constant-temperature control loop and is shown in figure
3-1. Temperature-sensing element and transmitter TT
sends atemperature signal to controller TC, which modu-
lates an IP. The pneumatic signa from the IF is connected
to positive-positioner PP, which operates cooling-coil
vave VLV. The conditions that must be operative for the
control valveto be controlled are: the supply fanison and
the control systemisin the occupied mode.

b. A relay contact between TC and IF is open when
either congtraint is operative.

3-3 Outside-air
control loop

a. When the mixed-air temperature of the outside air
andthereturn air istoo low, apreheat coil will be used to
heat the outside air. This modulating-control loop will be
used only with hot-water or hot-glycol heating units. A
variation of the preheat-coil control loop for use with
steam preheat coilsis shown in chapter 5. The purpose of
raising the mixed-air temperature is to prevent freezing of
chilled-water coils and hot-water coils downstream of the
mixed-air plenum. The cail is sized to raise the tem-
perature of the maximum design quantity of outside air
just high enough to bring the mixed-air temperature within
the range of 45 to 50 degrees F. The loop controls the
temperature of the air leaving the preheat coil before the
air mixes with return air. The setpoint of the controller of
this loop isthe HVAC system designer’ s calculation of the
coil-discharge-air temperature required to maintain a
minimum temperature in the mixed-air plenum when the
outside-air is at the coldest temperature. This setpoint
assures an adequate minimum temperature entering the
cooling coil of an HVAC system. The outside-air preheat-
coil-temperature control loop is shown in figure 3-2.

b. A temperature-sensing element and transmitter TT,
in the discharge-air stream from the preheat coil, sends a
temperature signal to preheat-coil temperature controller
TC. Controller TC operates transducer |F to maintain the

preheat-coil-temperature

setpoint of the controller by modulating a valve VLV.
Sincethe TC setpoint is normally in the range of 40 to 55
degreesF, thevaveis controlled during the heating season
when the outsde-air temperature is below the TC setpoint.
When the outside-air temperature is at or above the TC
setpoint, VLV isclosed.

c. Inthis control loop, TC is direct-acting DIR, and
VLV isnormaly open (NO) and fails open under the pres-
sure of the valve actuator’ s return spring on loss of electric
signal, pneumatic signal, or positive positioner air supply.
The purpose of thisisto avoid freezing of the preheat cail
and other coilsin the HVAC system should such an event
occur in cold wegther.

d. The preheat-coil control loop functions
continuoudy, without regard to the operating condition of
the HVAC system. This has the advantage of maintaining
aminimum temperature in the ductwork when the HVAC
system supply fan is off.

3-4. Heating-coil-temperature control loop

a. When they are not sequenced with cooling cails,
heeting coilsof HVAC systems are controlled by either of
the following methods:

(1) Controller setpoint scheduled from outside-air
temperature.
(2) Controller setpoint fixed.

b. Control viathe setpoint scheduled from the outside-
air temperature occurs with the greater frequency. Figure
3-3 shows the heating-coil-temperature control loop sched-
uled from outside-air temperature for the purpose of con-
sarving energy. Thisloop is shown asit is used to control
heating coils for multizone HYAC systems or dual-duct
HVAC systems. If apreheat coil is used in the design of
the HVAC system, the temperature-sensing el ement in the
outside air must be located upstream of the preheat cail.
Controllers TC REV and TC DIR receive temperature-
transmitter input signals with differing calibrated input
ranges as shown. Temperature-sensing element and
transmitter TT in the outside-air intake of the HVAC-
system sends a signal to process-variable input PV of
controller TC REV. Controller TC REV also reversesits
output signal relative to the outside-air-temperature
transmitter signal. The signal reversing is necessary
because the setpoint of TC DIR must change in the
opposite direction from that of change in outside-air
temperature. Controller TC DIR operates heating-coil
vaveVLV. Temperature-sensing element and transmitter
TT in the coil-discharge air sends a signal to process-
variable input PV of TC DIR. Temperature-sensing
element and transmitter TT in the outside-air intake signals
TC REV, to raise the TC DIR setpoint when the outside-
air temperature decreases and to gradually lower the TC
DIR setpoint, in a linear schedule, as the outside-air
temperature increases. Companion thermometers are
shown where required. The limits of the control point
adjustment (remote setpoint input) (CPA), to prevent the
temperature schedule from exceeding 120 degrees F or
decreasing below 90 degrees F, are set by limiting the
maximum and minimum outputs of controller TC REV.

c. Thetemperature schedule (selected for illustration)
desired for the heating-coil leaving-air temperaturesis 120
degrees F at 0 degrees F outside-air temperature and 90
degrees F at 60 degrees F outside-air temperature, as
shown in figure 3-3.

d. Inorder to achievethe schedule shownin figure 3-3,
certain controller parameters must be calculated for con-
troller TC REV. Controller TC REV output is the outside-
air temperature schedule input to the remote-setpoint input
(CPA) of heating-coil temperature controller TC DIR.
These controllers have differing calibrated input ranges.
The output of TC REV at 0 degrees F and 60 degrees F
must match the input required to set TC DIR to 120
degrees F and 90 degrees F, respectively. The panameters
for TC REV which match the output of TC REV to the
required CPA reset range of TC DIR and the input range
of its input transmitter are: the controller proportional
band, the setpoint, and the minimum and maximum output
settings. The output of TC REV must set TC DIR to a
temperature setpoint of 120 degrees F when the outside-air
temperature is O degrees F, and set TC DIR to a
temperature setpoint of 90 degrees F when the outside-air
temperature is 60 degrees F. These points define aline on
a coordinate system of outside-air temperature as the
abscissaand discharge-air temperature as the ordinate. All
points on thisline can befound by the use of equation 3-1.

y=mx+hb (eq.3-1)

Where:
y = ordinate (discharge-air temperature).
m = dope of line between points on the line.
X = abscissa (outside-air temperature).
b they-axisintercept.

The dope of theline (M) connecting the abscissa points of
0 degrees F and 60 degrees F outside-air temperature and
the ordinates of 120 degrees F and 90 degrees F discharge-
air temperature isfound to be minus 0.5 [(120-90)/(0-60)].
Thevaue of they-axisintercept (b) isfound by setting the
value of x at 0 degrees F, and isfound by equation 3-1 to
be 120 degrees F. The required throttling range of TC
REV isfound by using equation 3-1 and setting the value
of y at the extremes of the calibrated input range of TC
DIR. Onthelower end of range of TC DIR, thevaue of y
iscaculated to be 160 degrees F, and the value of y at the
upper end of therangeis calculated to be minus 40 degrees
F. From these calculated values, the temperatures span of
the throttling range of TC REV is calculated as 200
degrees F [160 - (-40) = 200]. Because the setpoint must
be at the midpoint of a 200 degree F throttling range
extending from minus 40 degrees F to 160 degrees F, the
setpoint of TC REV is calculated to be 60 degrees F [-40
+200/2 =60 or 160 - 200/2 = 60]. Use of equation 2-1 to
calculate the proportional band setting resultsin a value
of 125 percent proportional band (PB - 200/160 x 100
percent) when 200 degrees F is used as the portion of the
span required for the throttling range and 160 degreesF is
the transmitter span. Because the span of the throttling
range exceeds the span of the transmitter, the proportional

band is greater than 100 percent. This means that the
output of TC REV is limited by the limits of its input
transmitter values. Discharge-air-temperature setpoints
beyond those shown for minus 30 degrees F and 130
degrees F. outside-air temperature cannot be scheduled in
this example. The output of controller TC REV cannot
achieve afull-scal e change because of the combination of
the proportional-band setting and the calibrated input
range of TC REV, which must match that of the outside-
air temperature transmitter. The schedule of discharge-air
temperatures can be further limited by setting the
minimum and maximum output limits of TC REV. The
controller's maximum output setting is calculated to be 80
percent [(160-0) degrees F/160 - (-40) degrees f x 100
percent = 80 percent]. The controller's minimum output
setting is calculated to be 50 percent [(160-60) degrees
F/[160-(-40)] degrees F x 100 percent = 50 percent].
Using the caculated valuesfor proportional band, setpoint
minimum output and maximum output will result in a
controller input/output schedule as shown in figure 34,
which shows the output of TT, OA for every 10 degree F
change represented by a change of 1 ma [(20-4) ma/160
degreesF x 10 degrees F =1 ma], and the input of TC DIR
for every 5 degrees F represented by a change of 0.8 ma
[(20-4) ma/100 degrees F x 5 degrees F = 0.8 ma).

e. The heating-coil temperature-control loop, with its
fixed-controller setpoints, is similar to the preheat-coil-
temperature control loop in that it also controls the coil
valve at all times. Figure 3-5 shows the heating coil con-
trolled in a fixed-temperature application. Temperature-
sensing element and transmitter TT sends a signal to
heeting-coil temperature controller TC. The operations of
the control devices affected by the output signal of TC are
identical, as previously described in paragraph 3-3b.

f. The heating-coil-temperature control loop functions
continuoudly, without regard to the operating condition of
the HVAC system. This has the advantage of maintaining
aminimum temperature in the ductwork when the HVAC-
system supply fan is off.

3-5. Mixed-air-temperature and economizer
control loops

a. Themixed-air-temperature and economizer control
loops are shown in figure 3-6. The actuators on the
dampers operate like the actuator on a control valve. The
outside-air damper and relief-air damper are normally
closed and operate in parallel with each other. the return-
air damper is normally open and works opposite to the
outside-air and relief-air dampers. The mixed-air-
temperature control loop is linked to the economizer-
control logic.

b. Outsideair will not be used when the control system
isin the unoccupied mode or in the ventilation-delay mode.
A normally open (NO) relay contact in the circuit to IP
keeps the outside-air damper closed under these
conditions, and also when the supply fan is off. An open
relay contact in the circuit between TC and high-signa
sdlector TY keeps the dampers open to the manual setting
of minimum-position switch MPS, when the system isin
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the minimum-outside-air mode, and the outside-air damper
is alowed to open by the absence of other congtraints.
When both of these relay contacts are closed, the control
system is then operating in both the occupied and
economizer modes. Controller TC maintains the mixed-air
temperature by controlling the I P to modul ate the dampers
beyond minimum position. The signal from MPS or the
signal from TC operates through high-signal selector TY
to operate the IP, which sends a pneumatic signal to
positive-positioner PP to contral the damper actuators. The
output of 1P to the damper-actuator positioners can be read
on Plsat the panel and at the damper location. Mixed-air-
temperature sensing element and transmitter TT, sends a
signal to TC, which changes its output to operate the
dampers between minimum outside-air position and full
outside air.

c. Thetemperature-sensing €lements and transmitters
TT in both the outside-air intake and the return-air duct
send temperature signals to economizer controller EC.

d. Theeconomizer controller EC requires a setpoint for
each of two contacts that determine whether the coil of the
relay that puts the system in the occupied mode or
unoccupied is energized or deenergized. The setpoints and
switching differentials for each of the contacts are
adjustable in EC. One of the contacts, configured as a PV
contact, responds to the temperature-sensing element and
transmitter 'TT in the return-air duct and prevents the
economizer mode from operating when the HVAC system
is heating the space that it serves. The return-air-
temperature setpoint of the contact will be selected at a
temperature that is below the expected cooling-season
return-air temperature but higher than the expected
heating-season space temperature. The other contact, con-
figured as a deviation (DEV) contact, responds to the
difference in the signals of outside-air temperature and
return-air temperature. The setpoint of the DEV contact
requires a calculation by the designer. The designer will
indicate the return-air temperatures at which the PV con-
tacts open and close and the temperature differences
between the outside-air temperature and the return-air
temperature at which the DEV contacts open and close.

e. Because of the difficulty of maintaining enthalpy-
based economizer switchover hardware, the economizer-
controller operation is based on dry-bulb temperature
measurements rather than enthalpy measurements. The
comparison of outside-air and return-air temperatures for
determining the economizer switchover point is a method
of control that uses local weather data for selecting an
optimum dry-bulb temperature difference. An explanation
of this method begins with figure 3-7.

f. The skeleton psychrometric chart shows a return-air
design condition of 75 degrees F dry-bulb temperature and
50 percent relative humidity. A constant-enthalpy line
drawn through this condition divides the chart into 4
regions of outside-air temperatures and outside-air relative
humidities, which are:

(1) Region A, inwhich temperature and enthalpy con-
ditions are less than return-air design conditions.
(2) Region B, in which temperature conditions are
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lower but enthalpy conditions are higher than return-air
design conditions.
(3) Region C, inwhich both temperature and enthal py
conditions are higher than the return-air design conditions.
(4) Region D, in which temperature conditions are
higher but enthalpy conditions are lower than return-air
design conditions.

g. Cooling energy can be saved by using outside-air for
cooling when outside-air conditionsarein region A. Less
energy will be used in cooling outside air than in cooling
return air when outside-air conditions are in region D.
When outside-air conditions arein region B, the outside-air
dry-bulb temperature is less than the return-air dry-bulb
temperature; however, excess cooling energy would be
used if more than the required minimum of outside air is
used, because the enthal py of the outside air is higher than
the design return-air condition. When outside-air
conditions are in region C, there is no energy saving
available from the use of outside air. The designer will
consult the local weather data for the nearest location of
the project as published in TM 5-785. Using a L psycho-
metric chart, the designer will use the following procedure
to determine the setting of the DEV contact:

(1) Potacongant-enthalpy line through the Lreturn-
air design temperature and relative-humidity condition.

(2) Plot an average-wesather line by using midpoint of
the 5 degree Fahrenheit bin and the mean coincident wet-
bulb temperature for that temperature bin from TM 5-785.

(3) Read the difference in dry-bulb temperature
between the design return-air temperature and the outside-
ar temperature where the average-weather line crosses the
constant-enthalpy line.

(4) Usethisdifferencein dry-bulb temperatures asthe
setting for the DEV contact.

h. An example of the application of this procedure is
shown in figure 3-8.

i. Figure 3-8 illustrates the method for sdlection of a
setpoint for the DEV contact for economizer-mode switch-
over inarelatively humid southeastern United States city,
based on published weather data. The method presumes
that the location is such that an economizer mode is
acceptable inthe HYAC design because it would not place
an energy burden on the system due to a requirement for
humidification of more than the minimum quantity of
outside air. The temperature-differential setpoint of the
DEV contact is shown as 8 degrees F. However, the
temperature differential determined by this method will
vary with: the design return-air conditions; and the
Laverage-weather line for the locality. Less-humid cli-
mates will tend to shift the average-weather line downward
toward the design return-air condition, which would result
inasmaller differential. The effect on energy conservation
of using this method is shown in figure 3-9.

j. Figure 3-9 showsthat the dry-bulb-temperature line at
the intersection of the average-weather line and the
constant-enthapy line bisects region B. The area shown as
region B-l represents outside-air conditions when the
economizer modewill not save cooling energy even though
outside air beyond the minimum quantity will be used if

the control system modul ates the dampers open. The

net effect on energy use depends on how many operating
hours per year of the HVAC system are coincident with the
occurrence of the outside-air conditions of region B-1.

3.6. Supply-duct static-pressure control loop

The supply-duct static-pressure control loop is shown in
figure 3-10. A differential-pressure sensing el ement and
transmitter (DPT) sends a signal to static pressure con-
troller PC, which operates IP to control DA, whichin turn
operatesfaninlet vane IV provided that the fan ison. DPT
must have ardlatively low range, such as 0.0 to 2.0 inches
of water column. The supply fan may have been sdlected
for amuch larger static pressure, but the static pressure at
the location of the DPT’s sensor is typicaly 1.0 to 1.5
inches of water column. The sensing location of Dill' is
approximately two-thirds of the distance from the supply
fan dong the duct calculated to have the greatest pressure
drop. Thissensing location insures that the static pressure
will be controlled at the value required to enable all VAV
boxesto function. The“Fan-On” relay contact disconnects
PC from P, causing DA to hold IV in the closed position
(unloaded) on fan shutdown; the purpose in unloading the
fan is to dlow it to start unloaded. DPI is a low-
differential-pressure gauge used as an indicator for Dill'".
Details of the action of the rest of the control system
devices connected to the IP's output are similar to
comparable parts of other loops previously described.

3-7. Return-fan-volume control loop

The return-fan-volume control loop is shownin figure 3-
11. Flow-sensing dements and linearized transmitters FTs
in the supply air and the return air get signals from duct-
mounted air-flow measurement stations and sensing arrays,
AF MA. Both FTs send signals to controller FC. These
signals are the information necessary to maintain afixed
flow difference (in cfm) between the supply-air and return-
air ducts. The controller measures and controls the return-
air flow through the PV input based on the supply-air flow
measured &t the CPA input. Morethan likdly, the ranges of
the air-flow velocities in each duct will be different
because of differencesin design velocity and in the cross-
sectiond aress of the ducts. The FTs in the supply-air duct
and return-air duct may or may not have the same span and
range. Thismeansthat agiven flow rate in the supply duct
may have adifferent signal level than the exact same flow
ratein the return duct. In order for FC to control the return-
air flow at a specific rate (cfm), the CPA signal from the
supply fan FT must have the same value that will appear
at PV when the set-point is achieved. To achievethis, the
CPA signa from the supply duct must be converted to
FC's ratio-and-bias feature to perform two functions. A
ratio factor must be applied to the signal from the supply-
air flow transmitter/air-flow measurement station
(FT/AFMA) combination so that it will match the signal
range of thereturn-air FT/AFMA combination. Also, the
ratio is used to account for differences in the cross-
sectiond areaof the ducts at the location of the measuring

stations. The signal must then be biased to maintain the
design fixed airflow difference. For example, if the fixed
difference is required to be 3,000 cfm for minimum
outside-air requirements when the supply-air flow is
20,000 cfm, CPA tells FC to control PV at 17,000 cfm;
when the supply-air flow is 12,500 cfm, CPA tells FC to
control PV at 9,500 cfm. The 3000-cfm difference is the
bias to be set in the controller in c¢fm units. The CPA
signals at two such supply-air flow points must match the
PV signals at two corresponding return-air flow points.
When thisis achieved at two points, the required results
will be achieved for any supply-fan flow and the
appropriate return-fan flows within the turndown
capabilities of the return fan. The ratio can be calculated
according to equation 3-2. Equation 3-2 assumes that the
low end of thetransmitter span is O fpm at 4 milliamperes
for each transmitter.
R = (AJAN/(VsVr)
Where:
R = Ratio (dimensionless)
As = Area of supply-air duct at the measuring
station (sq ft).
Ar = Area of return-air duct at the measuring
station (sq ft).
Vs = Span of the flow transmitter in the supply
duct (fpm).
Vr = Span of theflow transmitter in the return duct
(fpm).
The biasis set in the controller in cfm units.

(eq. 3-2)

3-8. Humidifier control loop

The humidifier-control loop is shown in figure 3-12.
Humidifier control-valve VLV is normally closed. It is
inhibited from opening by the contact of a relay that is
open unless the fan is on, the system is in the occupied
mode, and the ventilation-delay period has expired. When
these conditions of operation are met, space relative-
humidity sensing element and transmitter RHT signals
relative-humidity controller RHC to operate | P to control
humidifier valve VLV. A high-limit reative-humidity
controller RHC receives a signal from a duct relative-
humidity sensing element and transmitter RHT down-
stream of the humidifier. Both controllers are reverse-
acting. Low-signal sdector RHY allows the space relative-
humidity controller to operate the valve if the high-limit
relaive-humidity setpoint is not exceeded. The high-limit
relative-humidity controller must be a proportional only
controller.

3-9. The typical schematic

a. Theintegration of standard control loops into a stan-
dard system starts with aschematic. A typical schematicis
shown in figure 3-13.

b. Figure 3-13 shows the control loops arranged
around an airflow diagram. When showing the schematic,
the designer will:

(1) Labd al HVAC equipment.
(2) Labd each contral device with aunique identifier.



(3) Label the action (NC or NO) of al valves,
dampers, and other appropriate devices.

(4) Labd theaction of al controllers as direct-acting
DIR or reverse-acting REV.

(5) Label theinput of all controllers (PV or CPA).

(6) For each devicethat operates contacts, show aline
number on which each contact will appear on a ladder
diagram.

(7) For eachrelay contact, show the line number of a
ladder diagram on which the relay operating coil will
appear.

(8) Show theloceation of dl instruments not located in
the flow stream or in the HV A C-control pandl.

(9) Show agraphic representation of sequencing oper-
ations with open and closed positions versus controller
output and space temperature.

3-10. The typical ladder diagram

a. Whenadl theinformation necessary for a description
of the system is now shown on the schematic, a ladder
diagram will be required. A typica ladder diagram is
shownin figure 3-14.

b. Intheladder diagram, the designer will:

(1) Show a section of the diagram for the HVAC
control-panel logic.

(2) Show a section of the diagram for each starter-
control circuit and interlock circuit for HY AC equipment.

(3) Labd control devices and relays with their unique
identifiers.

(4) Label magnetic-starter cails.

(5) If multiple-control devices of the same type (such
as low-temperature-protection thermostats or smoke
detectors) are required, assign a unique identifier for each
and show its contact.

(6) Show separate relays to control AC and DC
circuits.

(7) Number the ladder-diagram lines according to
their control-power source.

(8) Show a switch, located in the HVAC control
pand, to override the clock (or EMCS) and to be used to
place the control system in continuous occupied mode
(auto/auto override).

(9) Show a switch, located in the HVAC control
panel, that can be used to shut down HVAC equipment
and interlocked equipment (off/enable).

c. TheHVAC-control-panel section of the ladder dia-
gram will be in accordance with the following format:

(1) Linenumberswill start with O for the clock circuit
and continue as required.

(2) Control-system switches and contacts will be
shown on the l&ft of the diagram.

(3) Rday cailswill be shown in the center of the dia-
gram, centered below the clock circuit.

(4) Pilot lights will be shown on the right of the
diagram.

(5) Contacts available to EMCS will be shown out-
side the ladder and to the right of the diagram.

d. Each section of the HVAC equipment starter-control
circuits and interlock circuitswill be in accordance with the

following format:

(1) The line numbers of the first section will begin
with 100, the second section with 200, and subsequent
sections with appropriate higher numbers in increments of
one hundred.

(2) Magnetic-starter circuits will show one phase
powering acontrol-circuit transformer, switches, fuse, and
overload relays.

(3) The pand ladder diagram will have a jumper
shown for connection to EMCS of an economizer enable
and disable function. The panel ladder diagram will show
terminal points for remote system shutdown and remote
safety override control of HVAC system fans.

(4) Starter ladder diagrams will have an off-enable
switchto allow HV AC system motors to be stopped from
the HVAC control pandl.

3-11. The typical equipment schedule

a. An equipment schedule is required to show the
control-system parameters not shown on the schematic and
the ladder diagram. Not all HVAC control devices shown
on the schematic and the ladder diagram are included in the
equipment schedule because it is not necessary to show
parameters for them. Control devices that are excluded
from the schematic are relays, IPs, loop repeaters, and
signal sdlectors. A typical equipment scheduleis shown in
figure 3-15.

b. Inthe equipment schedule, the designer will:

(1) Arrangeall control devices by loop function.

(2) Show the unique identifier as the device number.

(3) Name the device function.

(4) Show setpoints, ranges, time schedules, and other
parameters.

(5) Show the sdlected Cv and required close-off pres-
sure for each valve.
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LOOP CONTROL FUNCTION | DEVICE NUMBER DEVICE FUNCTION SETPQOINT RANGE ADDITIONAL PARAMETERS
SPACE TEMPERATURE DA-2201. 02. 03 | DAMPER ACTUATOR —_ 7-11 PSIG —_
WPS-2201 MINIMJM-POS{TION SWITCH — S SET MIN S0 Grus s
rSL-2201 LON-TEWPERATURE. PROTECTION 35°
VLV-2201 HEATING-COIL VALVE _ 3-6 PSIG cv=1
CLOSE AGAINST 20 PSIG
_ SET MAXTMUM LINITS
TC-2201 SN TENPERATURE 68°F 50 T0 85°F AVAILABLE TO GCCUPANT
BY TSP-2201 AT 68 10 12°F
SPACE -TEMPERATURE
TT-2201 TRANSM] TTER — 50 TO 85°F _
W-LIMT - °
SPACE LOW TEMPERATURE TsL-2202 O T SERMOSTAT 55°F 5°F DIFFERENTIAL e AT 6ooF
OCCUPIED CLK-2201 NORMAL SCHEDULE QPEN: SAT. SUN
365-DAY SCHEOULE _— CLOSED: 0705 HRS. OPEN:
MODE CONTACT OSED: 0105 HRS. OFE AND HOL [DAYS
N NORMAL SCHEDULE
VENTILA L DELAY Conraer 365-DAY SCHEDULE _— CLOSED: 0700 HRS. OPEN:

0800 HRS MsT«W+TH.F

NOTE:OTHER CONTROL DEVICES SUCH AS IPS, RELAYS, AND SIGNAL SELECTORS ARE NOT SHOWN

Figure 3-15. Typical equipment schedule.




Chapter 4
Standard HVAC Control Systems
4-1. General

a. The complete HVAC control-system design will
include a series of drawings for each HVAC control
system, based on the standard control systems presented in
this chapter.

b. Variations to these control systems are shown in
chapter 5.

c. Mr-ddivery systems can be designed with or with-
out return-air fans. For example, selected systems are
shown with return-air fans. These HVAC systems are the
multizone systems, the bypass multi-zone system, the dual-
duet system, and the VAV system.

d. Where required, the control of a return fan can be
incorporated into any air-delivery HVAC system shown in
this manual by appropriately modifying the HVAC
control-system drawings.

e. The use of supply-fan-only HVAC systems over
supply/return-fan systemsis based on the following: lower
first cost, lower maintenance cost, lower energy costs, and
less complex control systems. The advantages of the
supply/return-fan system include positive control of the
outside-air, return-air, and relief-air quantities under vary-
ing modes of aperation. Return fans are sized smaller than
the supply fan by the amount of air necessary for minimum
outside air-space-pressurization air, and exhaust- makeup
ar.

f. In the case of the VAV system, the use of the return
fan allows the minimum outside-air flow to remain con-
stant when the control system isin the minimum-outside-
air mode, and the delivery of the supply fan varies accord-
ing to space-cooling demands. The control loop necessary
to accomplish thisis known as the return-fan-volume con-
trol loop. Thisloopiscostly, complex, and, in some appli-
cations, difficult to control with stability.

g. The transmitter ranges shown are standard. These
ranges match corresponding EMCS ranges where
appropriate, and will not be changed.

4-2. Identification of control-system devices

Control-system devices will be numbered in accordance
with the convention described for the unique identifiers
shown in appendix A.

4-3. Project-specific drawings
To make the standard HVAC control-system drawings
project-specific:

a. Add or delete loops as required.

b. Use a common time clock and common control
pand where appropriate for HVAC systems (as described
in chapter 5) unless the HVAC system is extended to
EMCS.

c. |If the project has EMCS, delete the time clock and
replace with EM S contacts.

d. Incorporate system variations as required.

e. Replace"XX" inthedrawing titles and unique iden-
tifierswith numbers specific to the project HYAC control
system.

f. Modify HVAC control-pandl interior-door layouts,
back-pand layouts, and terminal-block layouts as required.

g. Parameters shown in the equipment list must be
modified to make the standard HVAC control-system
drawings project-specific.

h. Damper and valve position diagrams.

4-4. Space-temperature-controlled perimeter-
radiation control system.

a. Description of perimeter-radiation system. This
system consists of fin-tube radiation, a portion of the
hydronic heating system. Figure 4-1 shows the schematic
and ladder diagrams and the equipment schedule for this
type of system.

b. General sequence of operation. A room thermostat
controls a perimeter-radiation valve to maintain a set
temperature. The following options are available:

(1) Two-position thermostat with two-position valve.

(2) Microprocessor-based thermostat which cycles a
two-position valve during the occupied mode to maintain
the programmed occupied-mode setpoint, and during the
unoccupied mode to maintain the programmed unoccupied-
mode setpoint.

(3) A modulating thermostat with amodulating valve.

c. Detailed sequence of operation.

(1) Intwo-postion control, the contacts of room ther-
mostat T-XX01 close on arise in temperature to its set-
point, energizing normally-open vave LVLV-XXO0L,
which closes. On afall in temperature below its setpoint,
the contacts of thermostat T-XX01 open, de-energizing
valve VLV-XX01, which opens.

(2) Inmodulating control, thermostat T-XX01 modu-
lates valve VLV-XX01 to maintain its setpoint.

4-5. Unit-heater temperature control system

a. Description of unit-heater system. This system con-
sists of aunit with a heating coil and afan to circulate air
through a coil to provide heat to the space served. The
heating coil is uncontrolled (no valve), but the fan is
controlled. Unit heaters are used to provide heat in
mechanical spaces and stairwells. Figure 4-2 includes the
ladder diagram and equipment schedule for this type of
system.

b. General sequence of operation. A unit thermostat
cycles the unit-heater fan to maintain its setpoint
temperature.

c. Detailed sequence of operation. Space thermostat
TSL-XX01 hasamanua "OFF-AUTO" switch. When the
switch isindexed to "OFF", the unit-heater motor is de-
energized. When the switchisindexed to “AUTQO", the fan
starts when the space temperature fals below the
thermostat setpoint, and stops when the temperature rises
to its setpoint.

4-6. Gas-fired infrared-heater control system

a. Description of infrared-heater system. This system
consists of gas infrared heaters. Figure 4-3 shows the
ladder diagram and equipment schedule for this system.

b. General sequence of operation. A thermostat cycles
the infrared heater (or heaters) to maintain the pro-
grammed setpoint.

c. Detailed sequence of operation. A microprocessor-
based room thermostat TuP-XX01 has an "AUTO-OFF"
switch. When the thermostat switch is indexed to the
"OFF" position, the infrared heater remains off. When the
switch is indexed to the "AUTQO" position, the infrared
heater cycles during the occupied mode to maintain the
programmed occupied temperature setpoint and during the
unoccupied mode to maintain the programmed unoccupied
temperature setpoint.

4-7. All-air small-package unitary system
control system.

a. Description of all-air small-package unitary
system. This system consists of a small self-contained air-
handling unit provided with both heating and cooling
equipment. Figure 4-4 shows the ladder diagram and
equipment schedule for this system.

b. General sequence of operation. When indexed to
"HEAT", a microprocessor-based room thermostat cycles
the unit fan and heating equipment, to maintain the pro-
grammed temperature. When indexed to "COOL", the
thermostat cycles the fan and cooling equipment, to main-
tain the programmed temperature.

c. Detailed sequence of operation. Microprocessor-
based room thermostat TuP-XXO01 is equipped with
"HEAT-OFF-COOL" and "AUTO-ON" switches. It can
be programmed to maintain separate occupied and
unoccupied heating-mode and occupied cooling-mode
temperatures. When the system switches are indexed to
"HEAT" and "AUTQ", the thermostat cycles the heating
unit and the fan to maintain the programmed temperature;
the cooling unit remains de-energized. When the
thermostat is indexed to "COOL" and "AUTOQO", the
thermostat cycles the cooling unit and the fan to maintain
the programmed temperature; the heating unit remains de-
energized. At the conclusion of the cooling-occupied mode,
the system is de-energized and remains de-energized
throughout the unoccupied mode. When indexed to "ON"
the unit fan runs continuously. When the "HEAT-OFF-
COOL" switch is indexed to "OFF", neither heating nor
cooling can be energized.

4-8. Dual-temperature fan-coil unit control system

a. Description of dual-temperature fan-coil system.
The system consists of afan and a dual-temperature coil
that is supplied with cold water during the cooling season
and hot water during the heating season. Figure 4-5 shows
the schematic and ladder diagrams and equipment schedule
for thistype of system.

b. General sequence of operation. A wall-mounted
two-stage thermostat cycles the fan in winter to maintain
itslower setpoint and in summer to maintain its higher set-
point. Fan speed is manualy indexed by the room
occupants.

c. Detailed sequence of operation.

(1) Wal-mounted two-stage thermostat TS-XX01 has
two setpoints. The lower setpoint is a heating-mode set-
point, which, on a fall in temperature, cycles the fan to
maintain the setpoint. The higher setpoint is a cooling-
mode setpoint, which, on arise in temperature, cycles the
fan to maintain the setpoint.

(2) Strap-on aguastat TS-XX02, located on the return
line downstream of the fan-coil 3-way valve, senses
whether hot water or cold water is being supplied to the
dual-temperature coil, and its snap-acting contacts deter-
mine which thermostat contact and setpoint will cycle the
fan.

(3) Whenever thefan isenergized, athree-way eectric
valve VLV-XX01 is aso energized, to open the hydronic
medium to the coil. Whenever the fan is deenergized,
VLV-XXO01 isalso de-energized and closes the hydronic
medium to the coil and opensit to coil bypass.

4-9. Control systems that require control panels

a. A HVAC control pand isrequired for each system
that requires the control capabilities of the single-loop
controller. The designer will show all the details of the
standard HVAC control panel on the contract drawings.
These detailswill describe the construction, mounting, and
generd arrangement of the standard HV A C control panel.

b. In addition, the contract drawings for each control
system will show the specific interior-door arrangement,
showing front and rear views, the back-panel layout, and
the terminal-block layout for the control system, on the
contract drawings.

4-10. Standard HVAC control panel

a. Figures4-6A through 4-61 will provide the guidance
for the HVAC control-pand arrangement for typica
HVAC control systems.

b. The standard wall-mounted HVAC control panel
(seefigure 4-6A) isastandard enclosure of a specific size.
This pand containsthe single-loop controllers, I1Ps, power
supply, indicators, gauges, function modules, relays,
clocks, and termina blocks, for connection to externa
devices and circuits and for connection to EMCS.

c. Figure 4-6B, section "A-A" through the pand,
shows the general arrangement of the inside of the pand.
The interior door, located behind the exterior key-locked
door, is the mounting surface for controllers, receiver
gauges, main air gauge, switches, and lights. The interior
door has a continuous piano-type hinge to support the door
and its devices. The back pand accommodates vertical and
horizonta wiring ducts, and standard-size mounting rails.
The mounting rails for the terminal blocks are elevated
from the back panel to accommodate the wiring from the
wiring ducts.

d. Figure4-6C showsthe general layout of the interior
door for HVAC control panels. The front view shows that
the pand's interior door will accommodate up to 6 con-
trollers with receiver gauges in 2 rows of 3 controllers
each. The main air gauge is on theright, and 5 pneumatic
output indicators for |Ps are located to the | eft of the main
air gauge. The rear view shows rail-mounted 1Ps, con-
nections to gauges, and a valve to accessthe main air for
maintenance. In the event that additional spaceisrequired
for function modules, such as loop drivers, they may be
shown on thisrail. The genera arrangement shown will not
be changed for the sake of symmetry. It is intended that
this pand will accommodate one control system for an air-
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delivery HVAC system and may also accommodate
hydronic or other HYAC control systems. The switch and
pilot-light matrix will have the devices arranged in the
array shown.

e. Figure 4-6D shows the general arrangement of the
back panel, which will have 2 vertical wiring ductsand 4
horizontal wiring ducts, with covers as shown. The
mounting rail shown at the top of the panel will accom-
modate up to 15 relay bases, which will accept the wiring
for plug-in relays. The relays will be placed from right to
left in the numerical order of their unique identifiers.
Below the relay mounting rail will be a horizontal wiring
duct, and below this duct there will be 3 mounting rails and
wiring ductsthat will accommodate the terminal blocksto
accept the control-system wiring. There will be amounting
rail for function modules, time clock, and power supply
located bel ow the termina-block mounting rails and wiring
ducts; loop drivers may also be mounted on this rail. A
duplex receptacle, intended for maintenance use, will be
mounted on the right side of the cabinet. The power
conditioner and system fuses will be mounted on the |eft
side of the cabinet. The system's dc power supply will be
located to theleft of the clock. The ac wiring will enter the
wiring duct on the lower left of the pand and will be
distributed vertically. The dc wiring will enter the wiring
duct on the right and will also be distributed vertically.

f. The relative location assignments for 3 rows of num-
bered terminal-block locations are shown in figure 4-6E.
Only the terminal blocks needed for the specific control-
system loops will be included in the pandl. Locations 1
through 70 in row 1 are dedicated to controller-loop wiring
in groups of 10.

g. Figure4-6F shows the standard wiring for atypical
controller and for a controller used as an economizer
controller. The left side of the figure shows that terminal
lisdwaysashiddtermind, and that terminals 2 and 3 are
awaysfor the transmitter connection. These terminals are
designated as PV. Removal of ajumper between terminals
4 and 5 allows 4-20 ma PV signals to be connected to
EMCS. Terminal 2 is connected to a dc-power terminal
block and isjumpered to terminal 6 to supply power to the
CPA; terminas 6 and 7 make the CPA available to EMCS.
The signal returns of PV and CPA are connected to adc-
power terminal. Terminals 8 and 9 are wired to OUT.
Removal of the jumper connecting terminals 8 and 9 will
allow the controller to interface with an electric actuator
rather than an IP. The controller, TC, powers its output
loop. Terminal 10 is an additional shield terminal. The
contacts shown as PV are wired as required for the
application, without connection to terminal blocks. The
right side of the figure shows that when the controller is
used as an economizer controller, terminals 2 and 3 are
connected to the return-air temperature transmitter, and
terminals 6 and 7 are connected to the outside-air
temperature transmitter. Terminals 8 and 9 contain the
jumper for EMCS interface to the economizer logic.

h. Figure 4-6G shows the standard wiring for the
HVAC-system's supply-fan and return-fan starters. The

42

"ENABLE-OFF" switch is connected to the supply fan
only. If there are no smoke dampers, a jumper will be
installed between terminals 185 and 186. One-hundred-
percent outside-air systems with high-pressure fans will
have end switches on the outside-air damper to insure that
the damper is open before the fan starts. One-hundred-
percent outside-air units with eectric actuators will have
end switches on the outside-air damper because of the
inherently dower speed of the electric actuators in opening
the damper. Under normal conditions, local-control
switches for the supply-fan, return-fan, and exhaust-fan
starters will be in the “AUTO” position. When the
"ENABLE-OFF' switchisindexed to the "OFF" position,
the return and exhaust fans will stop when the supply fan
stops, through interlocked relay contactsin the "AUTO"
position of the local starter control switch.

i. Figure 4-6H shows the wiring of exhaust fans when
interlocked to other fans and also shows the wiring of
pumps. The left side of the figure shows the exhaust-fan
wiring. This wiring is similar to the return-fan wiring,
except that ajumper is shown installed between terminals
205 and 206 because exhaust fans do not normally require
the circuitry to prove that the exhaust dampers are open
before the fan starts. If higher-pressure fans are used for
exhaust fans, the exhaust dampers should have end
switches and should be wired as areturn fan, as shown in
figure 4-6G. Theright side of the figure shows the pump-
starter wiring. A safety-shutdown circuit is not required. A
jumper is shown ingtalled between terminals 205 and 206.
Each pump will have an "ENABLE-OFF" switch.

j. Figure 4-61 shows the HVAC control panel power
wiring for ac and dc sources.

4-11. Central-plant steam hydronic-heating
control system

a. Description of hydronic-heating system. This
hydronic-heating system consists of a steam-to-hot-water
converter that provides hot water to a primary pumping
system. The primary pumping system supplies hot water
to secondary pumping systems that provide hot water to
separate zones of space-temperature control. Figures 4-7A
through 4-7F show the system design for this type of
heating system.

b. Genera sequence of operation.

(1) The primary-pumping system and the steam-to-
hot-water converter operate continuously whenever the
outside-air temperature is low enough for the building to
require heating. When this occurs, an outside-air tem-
perature controller starts the primary pump, enables the
converter control system, and enables the secondary pumps
to operate. The outside-air temperature controller raises the
primary hot-water supply temperature as the outside-air
temperature fals.

(2) The primary hot-water supply temperature con-
troller maintains its setpoint by modulating the converter
steam valve to maintain the scheduled primary hot-water
supply temperature.

(3) During the occupied mode, the secondary hot-

water pumps run whenever the primary hot-water pump
runs. Each zone-temperature controller modulates its zone-
control valve to blend primary hot-water supply with
secondary hot-water return in order to maintain the zone's
space-temperature setpoint, which is adjustable by the
zone occupant.

(4) During the unoccupied mode, the secondary hot-
water pumps are cycled by the zone night thermostat to
maintain the low-limit setpoint and to prevent freezing.
During this mode, the space temperature controller set-
point is determined by an adjustment within the system'’s
HVAC control pandl.

c. Detailed sequence of operation.

(1) Outside-air temperature transmitter TT-XX01
signals outdoor-air temperature to temperature controller
TC-XX01. On a fal in outside-air temperature to 60
degreesF, the process-variable (PV) contacts of TC-XX01
close to energize relays R-XX04 and R-XX05, and pilot
light PL-XX02. The contacts of relay R-XX04 energize
the primary hot-water pump, and the contacts of relay R-
XX 05 enable the secondary pumps. The auxiliary contacts
of the primary-pump starter energizerelay R-XX06, whose
contacts then alow the primary-water-temperature control
system to operate.

(2) Onariseinoutside-air temperature to 62 degrees
F, the PV contacts of controller TC-XX01 open to de-
energize relay R-XX04 to stop the primary pump, and to
de-energize relay R-XX05 to stop each secondary pump.
The auxiliary contacts of the primary-pump starter open,
de-energizing relay R-XX06, whose contacts then remove
valve VLV-XX01 from control, causing it to close.

(3) Controller TC-XXO0L1 raises the setpoint of pri-
mary hot-water supply temperature controller TC-XX02 as
the outside-air temperature falls, and lowers the set-point
as the outside-air temperature rises.

(4) Temperature transmitter TT-XX02 signals the
primary hot-water supply temperature to temperature
controller TC-XX02, which then maintainsiits setpoint by
varying its signal to current-to-pneumatic transducer |P-
XXO01. The pneumatic signal from IP-XX01 modulates
converter steam valve VLV-XX01 to maintain the
primary-supply water-temperature setpoint of controller
TC-XX02.

(5) Temperature transmitter TT-XX03 signals the
zone space temperature to controller TC-XX03, which
then maintains its setpoint by varying its current output
signal to transducer 1P-XX02. The pneumatic signal from
| P-XX02 modulates secondary zone-control valve VLV-
XX02. Zone-control valve VLV-XX02 mixes primary
supply water with secondary return water to maintain the
Zone space-temperature setpoint. The temperature-control
loops for the other secondary zones function identically.

(6) Throughout the occupied mode, the contacts of
time clock CLK-XX01 are closed to energize relays R-
XX01, R-XX02, and R-XX03, and to turn on pilot light
PL-XX01. The contacts of relay R-XX01 connect
temperature-setpoint device TSP-XXO01 to allow manual
adjustment of the setpoint of temperature controller TC-
XX03. Relay R-XX02 provides the same function for

TSP-XX03 in adjustment of controller TC-XX04. Relay
R-XX03 closes contacts in the starter-control circuits of
the secondary pumps. The secondary-system pumps will
start whenever the contacts of relay R-XX03 (occupied)
and R-XX05 (heating) are closed in their respective purnp-
starter circuits.

(7) During the unoccupied mode, the contacts of time
clock CLK-XXO01 are open and de-energize relays R-
XX01, R-XX02, and R-XX03; pilot light PL-XX01 turns
off. Thetransfer of contacts of relay R-XXO0L1 transfers the
temperature-setpoint adjustment of TC-XX03 from TSP-
XX01to TSP-XX02; likewise, rdlay R-XX02 transfers the
temperature-setpoint adjustment of TC-XX04 from TSP-
XX03to TSP-XX04. The contacts of relay R-XX03 open
the secondary-pump starter circuits, to place the secondary
pumps under the respective night thermostats TSL-XX01
and TSL-XX02. When the zone space temperature fallsto
55 degress F, the zone's secondary pump is energized and
remains energized until the temperature risesto 57 degrees
F.

4-12. Single-building hydronic-heating with hot
water boiler control system

a. Description of the hydronic-heating system. This
hydronic-heating system consists of a hot-water boiler that
provides hot water to a primary-pumping system. The
primary-pumping system supplies hot water to secondary-
pumping systems that provide hot water to separate zones
of space-temperature control. This control system varies
the hot-water flow through the boiler. Therefore, it can be
used only with boilers whose operation is not affected by
flow variation. Figures 4-8A through 4-8F show the
system design for thistype of heating system.

b. General Sequence of Operation.

(1) The primary-pumping system and the boiler oper-
ate continuously whenever the outside-air temperature is
low enough for the building to require heating. When this
occurs, an outside-air temperature controller starts the
primary pump, enablesthe boiler to function under its own
control system to maintain a constant boiler-water
temperature, and enables the secondary pump to operate.
The outside-air temperature controller raises the primary
hot-water supply temperature as the outside-air
temperature fals.

(2) The primary hot-water supply temperature con-
troller maintains its setpoint by modulating a valve to mix
hot water from the boiler with return water from the
primary-pumping system to maintain the scheduled
primary hot-water supply temperature.

(3) During the occupied mode, the secondary hot-
water pumps run whenever the primary hot-water pumps
run. Each zone-temperature controller modulates its zone-
control valve to blend primary hot-water supply with
secondary hot-water return in order to maintain the zone's
space-temperature setpoint, which is adjustable by the
zone occupant.

(4) During the unoccupied mode, the secondary hot-
water pumps are cycled by the zone's night thermostat to



maintain the low-limit setpoint and to prevent freezing.

During thismode, the controller setpoint is deter-mined by

an adjustment within the system's HVAC control panel.
c. Detailed sequence of operation.

(1) Outside-air temperature transmitter TT-XX01
signals outdoor-air temperature to temperature controller
TC-XX01. On a fal in outside-air temperature to 60
degreesF, the process-variable (PV) contacts of TC-XX01
close to energize relays R-XX04, R-XX05, and R-XX06
and pilot light PL-XX02. The contacts of relay R-XX04
energize the primary hot-water pump, the contacts of relay
R-XX05 enable the secondary pumps, and the contacts of
relay R-XX06 enable the bailer-control circuit.

(2) Onariseinoutside-air temperature to 62 degrees
F, the PV contacts of controller TC-XX01 open to de-
energize relays R-X X 04 to stop the primary pump, to de-
energizerelay R-XX05 to stop both secondary pumps, and
to de-energize relay R-XX06 to disable the boiler-control
circuit and to turn off pilot light PL-XX02.

(3) Controller TC-XXO0L1 raises the setpoint of pri-
mary hot-water supply-temperature controller TC-XX02
as the outside-air temperature falls, and lowers the set-
point as the outside-air temperature rises.

(4) Temperature transmitter TT-XX02 signals the
primary hot-water supply temperature to temperature
controller TC-XX02, which then maintainsiits setpoint by
varying its signal to current-to-pneumatic transducer |P-
XX01. The pneumatic signal from IP-XX-1 modulates
primary hot-water valve VLV-XX0L1 to mix boiler water
and primary return water to maintain the primary-supply
water-temperature setpoint of controller TC-XX02.

(5) Temperature transmitter TT-XX03 signals the
zone space temperature to controller TC-XX03, which
then maintains its setpoint by varying its current output
signal to transducer 1P-XX02. The pneumatic signal from
IP-XX02 modulates secondary zone control vave VLV-
XX02. Zone-control valve VLV-XX02 mixes primary sup-
ply water with secondary return water to maintain the zone
space-temperature setpoint. The temperature-control loop
for the other secondary zone functions identically.

(6) Throughout the occupied mode, the contacts of
time clock CLK-XX01 are closed to energize relays R-
XX01, R-XX02, and R-XX03, and to turn on pilot light
PL-XX01. The contacts of relay R-XX01 connect
temperature-setpoint device TSP-XXO01 to alow manual
adjustment of the setpoint of temperature controller TC-
XX03. Relay R-XX02 provides the same function for
TSP-XX03 in adjustment of controller TC-XX04. Relay
R-XX03 closes contacts in the starter-control circuits of
the secondary pumps. The secondary-system pumps will
start whenever the contacts of relay R-XX03 (occupied)
and R-XX05 (heating) are closed in their respective pump-
starter circuits.

(7) During the unoccupied mode, the contacts of time
clock CLK-XXO01 are open, and de-energize relays R-
XX01, R-XX02, and R-XX03; pilot light PL-XX01 turns
off. Thetransfer of the contacts of relay R-XXO01 transfer
temperature-setpoint adjustment of TC-XX03 from TSP-

XXO01 to TSP-XX02; likewise, relay R-XX02 transfers
temperature-setpoint adjustment of TC-XX04 from TSP-
XX03to TSP-XX04. The contacts of relay R-XX03 open
the secondary-pump starter circuits to place the secondary
pumps under the respective night thermostats TSL-XX01
and TSL-XX02. When the zone space temperature fallsto
55 degrees F, the zone' s secondary pump is energized and
remains energized until the temperature risesto 57 degrees
F.

4-13. Central-plant high-temperature hot-water
hydronic-heating control system

a. Description of the hydronic-heating system. This
hydronic-heating system consists of a high-temperature
hot-water converter that provides hot water to a primary
pumping system. The primary pumping system supplies
hot water to secondary pumping systems that provide hot
water to separate zones of space-temperature control.
Figures 4-9A through 4-9F show the system design for this
type of heating system.

b. Genera Sequence of Operation.

(1) The primary pumping system and the high-
temperature hot-water converter operate continuously
whenever the outside-air temperature is low enough for the
building to require heating. When this occurs, an outside-
air-temperature controller startsthe primary pump, enables
the high-temperature hot-water converter's control system,
and enables the secondary pumps to operate. The outside-
air-temperature controller raises the primary hot-water
supply temperature as the outside-air temperature falls.

(2) The primary hot-water supply-temperature con-
troller maintains its setpoint by modulating the high-
temperature hot-water converter valve to maintain the
scheduled primary hot-water supply temperature.

(3) During the occupied mode, the secondary hot-
water pumps run whenever the primary hot-water pump
runs. Each zone-temperature controller modulates its zone
control valve to blend water from the primary hot-water
supply with secondary hot-water return in order to main-
tain the zone-space-temperature setpoint, which is
adjustable by the zone occupant.

(4) During the unoccupied mode, the secondary hot-
water pumps are cycled by the zone night thermostat to
maintain the low-limit setpoint and to prevent freezing.
During this mode, the controller setpoint is determined by
an adjustment within the system's HVAC control panel.

c. Detailed Sequence of Operation.

(1) Outside-air temperature transmitter TT-XX01
signals outdoor-air temperature to temperature controller
TC-XX01. On a fal in outside-air temperature to 60
degreesF, the processvariable (PV) contacts of TC-XX01
cdoseto energizerdays R-XX04 and R-XX05, and to turn
on pilot light PL-XX02. The contacts of relay R-XX04
energize the primary hot-water pump, and the contacts of
rdlay R-XX05 enable the secondary pumps. The auxiliary
contacts of the primary-pump starter energize relay R-
XX06. The contacts of relay R-XX06 allow the primary-
water temperature-control system to operate.

(2) Onariseinoutside-air temperature to 62 degrees
F, the PV contacts of controller TC-XX01 open to de-
energize relay R-XX04 to stop the primary pump, and
relay R-XX05 to stop both secondary pumps. The aux-
iliary contacts of the primary-pump starter open, de-
energizing relay R-XX06. The contacts of relay R-XX06
remove valve VLV-XX01 from control, and it closes.

(3) Controller TC-XXO0L1 raises the setpoint of pri-
mary hot-water supply-temperature controller TC-XX02
as the outside-air temperature falls, and lowers the set-
point as outside-air temperature rises.

(4) Temperature transmitter TT-XX02 signals the
primary hot-water supply temperature to temperature
controller TC-XX02. Controller TC-XX02 maintains its
setpoint by varying its signa to current-to-pneumatic
transducer IP-XX01. The pneumatic signal from IP-XX01
modulates high-temperature hot-water converter valve
VLV-XX01 to maintain the primary-supply-water
temperature setpoint of controller TC-XX02.

(5) Temperature transmitter TT-XX03 signals the
Zone space temperature to controller TC-XX03. Controller
TC-XX03 maintains its setpoint by varying its cur-rent
output signd to transducer IP-XX02. The pneumatic signal
from IP-XX02 modulates secondary zone control valve
VLV-XX02, which mixes primary supply water with
secondary return water to maintain the zone space-
temperature setpoint. The temperature-control loop for the
other secondary zone functionsidentically.

(6) Throughout the occupied mode, the contacts of
time clock CLK-XX01 are closed to energize relays R-
XX01, R-XX02, and R-XX03, and to turn on pilot light
PL-XX01. The contacts of relay R-XX01 connect
temperature-setpoint device TSP-XXO01 to alow manual
adjustment of the setpoint of temperature controller TC-
XX03. Relay R-XX02 provides the same function for
TSP-XX03 in adjustment of controller TC-XX04. Relay
R-XX03 closes contacts in the starter-control circuits of
the secondary pumps. The secondary-system pumps will
start whenever the contacts of relay R-XX03 (occupied)
and R-XX05 (heating) are closed in their respective pump-
starter circuits.

(7) During the unoccupied mode, the contacts of time
clock CLK-XX01 are open and de-energize relays R-X X 01
R XX02 and R-XX03 and pilot light PL-XXO01 turns off.
Thetransfer of the contacts of relay R-XX01 transfersthe
temperature setpoint adjustment of TC-XX03 from TSP-
XX01to TSP-XX02. Thetransfer of the contacts of relay
R-XX02 transfers TC-XX04 temperature setpoint
adjustment from TSP-XX03 to TSP-XX04. The contacts
of rdlay R-XX03 open the secondary-pump starter circuits
to place the secondary pumps under the respective night
thermostats TSL-XX01 and TSL-XX02. When the zone
space temperature falls to 55 degrees F, the zone
secondary pump is energized and remains energized until
the temperature risesto 57 degrees F.

4-14. Central-plant steam dual-temperature
hydronic control system

a. Description of the hydronic system. This hydronic
heating and cooling system consists of hot water from a

steam converter, chilled water from a central plant, and
related pumping systems. Figures 4-10A through F-10F
show the system design.

b. General sequence of operation.

(1) Heating and cooling modes are manually selected.

(2) When the system is in the heating mode, the
pumping system and the converter operate continuously
whenever the outside-air temperature is low enough for the
building to require heating. When this occurs, an outside-
air temperature controller starts the system pump, and the
converter contral is activated. The outside-air temperature
controller raises the hot-water supply temperature as the
outside-air temperature falls.

(3) The hot-water-supply temperature controller
maintains its setpoint by modulating the converter valveto
maintain the scheduled temperature.

(4) When the system isindexed to cooling, the con-
verter valve closes. The pump continues to run for cool-
down and when the return-water temperature falls to 85
degrees F, the changeover valves transfer the water flow
from the converter to the centra-plant chilled-water
system.

(5) Aslong as the heating-cooling switch is indexed
to cooling, the pump will be energized during the occupied
mode and de-energized during the unoccupied mode.

c. Detailed sequence of operation.

(1) Manua switch HS-XX02 provides for indexing
the system to the heating or the cooling mode.

(2) When hesting-cooling switch HS-XX02 isindexed
from heating to cooling, relay R-XX02 is de-energized,
and rlay R-XX05 isenergized. Contacts of relay R-XX05
open, removing control from the converter valve, which
then cdloses. Through the normally-closed contacts of relay
R-XX02 and the normaly-open contacts of relay R-XX06,
pump relay R-XXO07 is energized and the pump runs to
distribute the hot water in order to reduce its temperature.
When the return-water temperature falls to the set-point of
TSL-XXO01, the solenoid-actuated pneumatic valve EP-
XXO01 and relay R-XX06 are energized, and cooling pilot
light PL-XX03 is turned on. Through EP-XXO01,
changeover valves VLV-XX02 and VLV-XX03 stop the
flow to and from the converter, and open the system to the
central-plant chilled-water system. The normally-closed
contacts of relay R-XX06 (line 13) open to stop the pump,
but the normally-open contacts of that relay (‘'me 12) close.
If occupied relay R-XXO01 is energized, the pump
continues to run.

(3) Throughout the cooling mode, pump relay R-
XX07, through the normally-closed contacts of relay R-
XX02 and the normally-open contacts of relay R-XX06, is
energized during the occupied mode and de-energized
during the unoccupied mode by the contacts of relay R-
XXO01.

(4) When hesting-cooling switch HS-XX02 isindexed
from cooling to heating, relays R-XX05 and R-XX06 and
solenoid-actuated pneumatic valve EP-XXO01 are de-
energized cooling pilot light PL-XX03 is turned off, and
relay R-XX02 is energized. When EP-XXO01 is de
energized, valves VLV-XX02 and VLV-XX03 open the
system to the converter and close it to the central-point
chilled-water system.
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(5) Onafalinoutsde-air temperature to the setpoint
of the PV contacts of controller TC-XX01, relay R-XX04
isenergized and heating pilot light PL-XX02 isturned on.
The contacts of relay R-XX04 (line 11), which are closed
throughout the heating mode, energize relay R-XX07. The
contacts of relay R-XX07 energize the system pump.
Pump-starter auxiliary contacts, through the normally-
closad contacts of relay R-XX05 ('me 4) energizerdlay R-
XX03, and the contacts of relay R-XX03 connect the
output of temperature controller TC-XX02 to current-to-
pneumatic transducer IP-XX01. The transducer output
modulates hot-water converter valve VLV-XX01. On a
rise in outdoor-air temperature to 62 degrees F, the PV
contacts of controller TC-XX01 open, and relay R-XX04
isde-energized, deenergizing relay R-XX07 and stopping
the pump. Pump-starter auxiliary contacts remove the
converter valve from control, and the converter valve
closes.

(6) Outside-air controller TC-XXO01 raises the
setpoint of hot-water-supply temperature controller TC-
XX02 as the outside-air temperature falls and lowers the
setpoint as the outside-air temperature rises.

(7) Temperature controller TC-XX02, with its tem-
perature transmitter in the hot-water supply piping,
through current-to-pneumatic transducer 1P- XXO01,
modulates high-temperature hot-water converter valve
VLV-XX01 to maintain the supply-water-temperature
setpoint of controller TC-XX02.

4-15. Central-plant high-temperature hot-water
dual-temperature hydronic control system

a. Description of the hydronic system. This hydronic
heating and cooling system consists of hot water from a
high-temperature hot-water converter, chilled water from
a central plant, and related pumping systems. Figures 4-
11A through 4-11F show the system design.

b. General sequence of operation.

(1) Heating and cooling modes are manually selected.

(2) When the system is in the heating mode, the
pumping system and the high-temperature hot-water con-
verter operate continuously whenever the outside-air tem-
peratureis low enough for the building to require heating.
When this occurs, an outside-air temperature controller
starts the system pump, and the converter is under control.
The outside-air temperature controller raises the hot-water
supply temperature as the outside-air temperature falls.

(3) The hot-water-supply temperature controller
maintains its setpoint by modulating the high-temperature
hot-water converter valve to maintain the scheduled hot-
water-supply temperature setpoint.

(4) When the system heating-cooling switch is
indexed to cooling, the converter valve closes. The pump
continues to run for cooldown of the system water. When
the return-water temperature falls to 85 degrees F, the
changeover vaves transfer the water flow from the
converter to the central-plant chilled-water system.

(5) As long as the switch HS-XX02 is indexed to
cooling, the pump will be energized during the occupied
mode and de-energized during the unoccupied mode.
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c. Detailed sequence of operation.

(1) Manua switch HS-XX02 provides for indexing
the system to the heating or the cooling mode.

(2) When heeting-cooling switch HS-XX02 isindexed
from heating to cooling, rlay R-XX02 is de-energized and
relay R-XX05 is energized. Contacts of relay R-XX05
open to de-energize relay R-XX03 and remove control
from the converter valve, which then closes. Through the
normally-closed contacts of relay R-XX02 and the
normally-open contacts of relay R-XX06, pump relay R-
XX07 isenergized and the pump runs to distribute the hot
water to reduce its temperature. When the return-water
temperature fallsto the setpoint of TSL-XX01, solenoid-
actuated pneumatic valve EP-XX01 and relay R-XX06 are
energized, and cooling pilot light PL-XX03 is turned on.
Through EP-XX01 changeover valves, VLV-XX02 and
VLV-XX03 stop the flow to and from the converter, and
open the system to the central-plant chilled-water system.

(3) Throughout the cooling mode, pump relay R-
XX07, through the normally-closed contacts of relay R-
XX02 and the normally-open contacts of relay R-XX06, is
energized during the occupied mode and de-energized
during the unoccupied mode by the contacts of relay R-
XXO01.

(4) When hesting-cooling switch HS-XX02 isindexed
from cooling to heating, relays R-XX05 and R-XX06 and
solenoid-actuated pneumatic valve EP-XXO01 are de-
energized, cooling pilot light PL-XX03 isturned off, and
relay R-XXO02 is energized. When EP-XXO01 is de-
energized, valves VLV-XX02 and VLV-XX03 open the
system to the converter and close it to the central-plant
chilled-water system.

(5) Onafalinoutsde-air temperature to the setpoint
of the PV contacts of controller TC-XX01, relay R-XX04
isenergized and heating pilot light PL-XX02 isturned on.
The contacts of relay R-XX04 (line 11), which are closed
throughout the heating mode, energize relay R-XX07. The
contacts of relay R-XX07. The contacts of relay R-XX07
energize the system pump. Pump-starter auxiliary contacts,
through the normally-closed contacts of relay R-XX05
(line4) energizerday R-XX03 and the contacts of relay R-
XX 03 connect the output of temperature controller TC-
XX 02 to current-to-pneumatic transducer |P-XX01. The
transducer output modulates hot-water converter valve
VLV-XX01. On arise in outdoor-air temperature to 62
degrees F, the PV contacts of controller TC-XX01 open,
andrday R-XX04 is de-energized, de-energizing relay R-
XX07 and stopping the pump. Pump-starter auxiliary
contacts remove the converter valve from control, and the
converter valve closes.

(6) Outside-air controller TC-XXO01 raises the
setpoint of hot-water-supply temperature controller TC-
XX02 as the outside-air temperature falls and lowers the
setpoint as the outside-air temperature rises.

(7) Temperature controller TT-XX02, with its tem-
perature transmitter in the hot-water supply piping,
through current-to-pneumatic  transducer IP-XX01,
modulates high-temperature hot-water converter vave
VLV-XX01 to maintain the supply-water-temperature

setpoint of controller TC-XX02.

4-16. Single-building dual-temperature
hydronic control system

a. Description of the hydronic system. This hydronic
heating and cooling system consists of a bailer, chiller,
pump and distribution piping. The system varies the hot-
water flow through the boiler. Therefore, it can be used
only with boilers that are not sensitive to flow variation.
Figures4-12A through 4-12F illustrate the system design
for this type of hydronic system.

b. General sequence of operation.

(1) Heating and cooling modes are manually selected
at the control panel.

(2) Whenthesystem isindexed to heating, the boiler
and pump operate continuously whenever the outside-air
temperature is low enough for the building to require
heeting. When this occurs, the system boiler is started and
the system pump is energized. The boiler functions under
its own control system to maintain a constant boiler-water
temperature. As the outside-air temperature fals the
supply-water temperature is raised.

(3) The control system modulates a three-way valve
to mix supply and return hot water to maintain the sched-
uled hot-water supply temperature setpoint.

(4) When the system is indexed from the heating
mode to the cooling mode, the boiler is shut down. The
pump continues to run to dissipate the heat from the piping
system and the boiler until the return-water temperature
drops below the setpoint of the return-water thermostat.
The changeover vavesthen close to the boiler and open to
the chiller.

(5) Whenthe system isindexed to cooling and chan-
geover has occurred, the chiller and pump are energized
during the occupied mode. At the conclusion of the
occupied mode, the chiller is de-energized but the pump
continues to circulate water for a period of time while the
chiller completes its shutdown cycle, and then the pump
stops.

(6) Whenthesystemisindexed from cooling to heat-
ing, the chiller enters its shutdown cycle and the pump
continuesto circulate water through the chiller for a period
of timewhilethe chiller completes its shutdown cycle. The
changeover valves then close to the chiller and open to the
boiler.

c. Detailed sequence of operation.

(1) Heating-cooling switch HS-XX02 is manually
operated to index the dual -temperature hydronic system to
heating or to cooling.

(2) When switch HS-XX02 is indexed from heating
to cooling, rdlays R-X X 03, R-XX04, and R-XX05 are de-
energized, heating pilot light PL-XX02 isturned off, and
relays R-XX06 and R-XX07 are energized. The contacts
of relay R-XX04 interrupt control of valve VLV-XX01
until the system's heating-cooling switch is returned to the
heeting mode. The contacts of relay R-XX05 open to shut
down the bailer. The normally-closed contacts of R-XX03
on line 14 close, and the normally-closed contacts of relay
R-XX06 on line 13 open, transferring the control of pump

relay R-XX09 from heating to cooling. The normally-open
contacts of R-XX03 on line 17 open to reset time-delay
rdlay TDR-XXO01. Relay R-XX07 is energized, and the
contacts of relay R-XX07 on line 18 close to energize
time-delay relay TDR-XX01 and restart the time-delay
period. The contacts of TDR-XX01 on line 19 close,
energizing relays R-XX10 and R-XX11 for the length of
time set on TDR-XXO01. The contacts of relay R-XX10 on
line 11 open to prevent chiller relay R-XX08 from being
energized for the length of time set on time delay relay
TDR-XX01. When the dual-temperature water-return
temperature falsto the setpoint of return-water thermostat
TSL-XXO01 its contacts on line 10 close to energize EP-
XX01. Vaves VLV-XX02 and VLV-XX03 shut off the
system supply and return water to the boiler and open the
supply and return water to the chiller. The
occupied/unoccupied contacts of time clock CLK-XX01
energize relay R-XX01 and turn on occupied pilot light
PL-XX01. The contacts of relay R-XX01 on line 11 ener-
gize relay R-XX08, which energizesthe chiller. The con-
tacts of R-XX01 online 14 energize relay R-XX09, which
energizes the system pump.

(3) Five minutes before the end of the occupied mode,
the time-delay reset contacts of time clock CLK-XX01
close, energizing rdlay R-XX02. The contacts of relay R-
XX02 on line 16 keep the system pump energized until
fifteen minutes after the unoccupied mode has begun.
When the normally-closed contacts of relay R-XX02 (line
18) open, they reset time-delay relay TDR-XX01 on line
17. Ten minutes after the contacts of relay R-XX02 (line
18) close, they energize relays R-XX10 and R-XX11. The
contacts of relay R-XX10 on line 15 close, and the pump
runs for the additional time set on TDR-XXO01.

(4) When hesting-cooling switch HS-XX02 isindexed
from cooling to heating, the chiller is de-energized through
the contacts of relay R-XX08 on line 300. Relay R-XX03
is energized and relays R-XX06 and R-XX07 are de-
energized. The contacts of relay R-XX06 on line 13 close,
the contacts of relay R-XX03 on line 14 open, and pump
control relay R-XX09 switches from the cooling to the
heeting mode of control. The contacts of relay R-XX07 on
line 18 open to reset time-delay relay TDR-XXO01. The
contacts of relay R-XX03 on line 17 reset TDR-XXO01.
The instantaneous-close, time-out-to-open contacts of
TDR-XX01 online 19 energize relays R-X X 10 and XX 11
for the length of time set on TDR-XX01. The contacts of
relay R-XX11 on line 11 close to keep EP-XXO01
energized. When EP-XXO0L1 is energized, the changeover
valvesremain opento the chiller for chiller shutdown. The
contacts of relay R-XX10 on line 15 keep the pump
operating. At the conclusion of the time delay, the pump is
placed under control of outside-air temperature viathe PV
contacts of controller TC-XX01. EP-XX01 is deenergized
and valves VLV-XX02 and VLV-XX03 open to the boiler
and close to the chiller.

(5) Whenthesystemisindexed to heating, on afall in
outside-air temperature to the setpoint of the PV contacts
of temperature controller TC-XXO01, the contacts close,
energizing relay R-XX05 and lighting pilot light PL-



XX02. One st of contacts of R-XX05 energizes the boiler
control circuit, and the other set of contacts through a set
of normally-dosed contacts of relay R-XX06 (energized
during the cooling season), energizes relay R-XX09. A set
of the contacts of relay R-XX09 energizes the system
pump. The auxiliary contacts of the pump-motor starter,
through another set of normally-closed contacts of relay R-
XX06, energizes relay R-XX04. Relay R XX04 places
valve VLV-XXO01 under the control of the dual-water
supply temperature controller TC-XX02 whenever the
pump runs during the heating season.

(6) Dual-temperature supply water-temperature
transmitter TT-XX02 signals the supply temperature to
temperature controller TC-XX02. Controller TC-XX02
maintains its setpoint by varying its signal to current-to-
pneumatic transducer IP-XX01. The pneumatic output
from |P-XX 01 modul ates three-way valve VLV-XX01 to
mix boiler water and return water to maintain the
temperature setpoint of controller TC-XX02. Outside-air
temperature transmitter TT-XX01 signals the outside-air
temperature to temperature controller TC-XX01. As the
outside-air temperature falls, TC-XX 01 raises the set-point
of controller TC-XX02.

4-17. Heating-and-ventilating control system

a. Description of the heating-ventilating system. This
air-handling system consists of a supply fan, outside-air,
return-air and relief-air dampers, a filter, and a heating
coil. Figures 4-13A through 4-13F show the design for this
type of air-handling system.

b. General sequence of operation.

(1) Supply fan off When the fan is off, the outside-air
and rdlief-air dampers are closed and the return-air damper
is open. The heating-coail valveis under the control of the
space temperature controller.

(2) Supply-fan operating. When the supply fanison,
the control dampers and the heating-coil valve are operated
as required by the system’ smode of operation. The control
dampers are either positioned for full recirculation of air,
positioned to introduce minimum outside air, or modul ated
in sequence with the heating coil to maintain space
temperature. The heating coil is modulated by the space-
temperature controller.

(3) Control of the supply fan. Unless the fan is
stopped as the result of asafety shutdown, it is on or off as
required by the control system’s mode of operation.

(4) Safety shutdown of the fans. The control system
shuts down thefansif thereis alow-temperature condition
or smoke is detected.

(5) Low-temperature detection. On afall in temper-
ature to its setpoint, a low-temperature-protection ther-
mostat stops the supply fan. To restart the fan, the ther-
mostat and the control panel must be manually reset.

(6) Smoke detection. Duct smoke detectors in the sup-
ply and return air stop the supply fan whenever either
detects the presence of smoke. To restart the fan, the
smoke detectors and control panel must be manually reset.

(7) Filter condition. Filter condition is monitored by
apressure gauge and a differential -pressure switch. On

arisein pressure drop across the filter to the switch set-
point, the switch turns on apilot light.

(8) Unoccupied mode of operation. Throughout the
unoccupied mode, the outside-air and relief-air dampers
remain closed and the return-air damper remains open. The
supply fan is cycled by the system’s night thermostat to
maintain its low-limit space-temperature setpoint.

(9) Verntilation-delay mode of operation. During the
ventilation-delay mode, the dampers remain as they were
throughout the unoccupied mode and the supply fan runs
continuoudly. Until the ventilation-delay mode ends, the
HVAC system circulates return air to bring the building to
comfort conditions, using a minimum of energy.

(10) Occupied mode of operation. The supply fan
runs continuously. The heating-coil valve and control
dampers are modul ated, with a deadband between them, by
the space temperature controller.

c. Detailed sequence of operation.

(1) Time clock CLK-XX01 has two independent sets
of contacts, which between them determine the mode under
which the system operates. Five minutes before the
scheduled beginning of the occupied mode, the ventilation-
delay contacts close, energizing relay R-XX03 and turning
on pilat light PL-XX02. The normally-closed contacts of
rday R-XX03 open, to prevent relay R-XX02 from being
energized. The normally-open contacts of relay R-XX02
prevent signals from reaching current-to-pneumatic
transducer |P-XX01. The dampersremain in their normal
positions, with outside-air and relief-air dampers closed
and return-air damper open.

(2) When the occupied contacts of time clock CLK-
XX01 close, rlay R-XX01 isenergized and pilot light PL-
XXO01isturned on. Contacts of relay R-XX01 energize the
supply fan. The auxiliary contacts of the supply-fan starter
energize relay R-XX04.

(3) When theventilation-delay contacts of time clock
CLK-XX01 open to end the ventilation-delay mode, relay
R-XX03 isde-energized and pilot light PL-XX02 is turned
off. With the now closed but normally-open contacts of
energized relays R-XX01 and R-XX04, the normally-
dosed contacts of relay R-XX03 energize relay R-XX02.
The normally-open contacts of relay R-XX02 connect the
output signd of high-signal selector TY-XX01 to current-
to-pneumatic transducer |P-XX01. The pneumatic output
of transducer |P-XX01 places the dampers at the minimum
position set on minimum position switch MPS-XX01 or
under control of space-temperature controller TC-XXO01,
whichever signal is higher.

(4) Temperature controller TC-XXO01, with its tem-
perature transmitter in the space served, through current-
to-pneumatic transducer |P-XX02, modulates heating-coil
vave VLV-XX01, and during the occupied mode alter the
expiration of the ventilation-delay mode, modulates the
control dampersin sequence with the heating-coil valveto
maintain the temperature controller setpoint.

(5) On a fal in temperature to its setpoint, low-
temperature-protection thermostat TSL-XX01 opens a set
of closed contacts in the supply-fan circuit, deenergizing
the supply fan. Through its open contacts, thermostat TSL-

XXO01 energizesrelay R-XX05 and lights pilot light PL-
XX04. The contacts of relay R-XX05 energize relay R-
XX07. The normally-closed contacts of relay R-XX07 de-
energize the supply fan, the normally-open contacts lock in
rdlay R-XX07. To restart the fan after alow-temperature
shutdown, both the low-temperature-protection thermostat
TSL-XXO01 and the control panel must be reset. The
control pandl is reset by depressing manual switch HS-
XX02.

(6) Whenever smoke detector SMK-XX01 or smoke
detector SMK-XX02 detects the presence of smoke, its
normally-closed contacts in the supply-fan start circuit
open, de-energizing the fan. The normally-open contacts
cose, energizing rlay R-XX06 and lighting pilot light PL-
XX05. Normally-open contacts of relay R-XX06 close,
energizing relay R-XX07. Normally-closed contacts of
relay R-XX07 in the supply-fan start circuit open, and the
normally-open contacts close to lock-in relay R-XX07. To
restart the fan after a smoke shutdown, smoke detectors
SMK-XX01 and/or SMK-XX02 and the control panel
must be reset. The control panel is reset by depressing
manual switch HS-XX02.

(7) Differentid-pressure gauge DPI-XX 01 across the
filter provides locd indication of filter loading. On arise
in pressure drop across the filter to its setpoint,
differentia-pressure switch DPS-X X 01 turns on pilot light
PL-XX03.

(8) At the conclusion of the occupied mode, the
occupied contacts of time clock CLK-XXO01 open, and
relay R-XXO01 is de-energized. The contacts of relay R-
XXO01 open, de-energizing the supply fan and placing it
under the control of the night thermostat TSL-XX02.

4-18. Multizone HVAC control system with
return fan

a. Description of the HVAC system. This is an air-
handling system with supply and return fans, economizer
dampers, a cold deck with a cooling coil, a hot deck with
a heating coil, individual-zone mixing dampers, and
individual-zone heating controls. Figures 4-14A through
4-14F show the design for thistype of air-handling system.

b. General sequence of operation.

(1) Supply and return fans off. When the fans are off,
the cooling-coil valve and the outside-air and relief-air
dampers are closed. The return-air damper is open. The
heating-coil valve is modulated under the control of the
hot-deck temperature controller. Zone dampers are under
the control of their zone thermostats.

(2) Supply and return fans operating. When the fans
are on, the control dampers are either positioned for full
recirculation of air, positioned to introduce minimum out-
side air, or modulated to maintain mixed-air temperature.
The cooling-coil valve is either closed or modulated to
maintain the cold-deck-discharge temperature. The
heating-coil valve is modulated to maintain the hot-deck
discharge temperature. Zone dampers are under the control
of their zone thermostats.

(3) Contral of supply fan and return fan. Unless the
fans are stopped as the result of a safety shutdown, they

are on or off as required by the control system’s mode of
operation.

(4) Safety shutdown of the fans. The control system
shuts down thefansif thereis alow-temperature condition
or if smoke is detected.

(5) Low-temperature detection. On afall in temper-
ature to its setpoint, a low-temperature-protection ther-
mostat stops the supply and return fans. To restart the
fans, the thermostat and the control panel must be manu-
ally reset.

(6) Smoke detection. Duct smoke detectors stop the
supply and return fans whenever either detects the presence
of smoke. To restart the fans, the smoke detectors and
control panel must be manually reset.

(7) Filter condition. Filter condition is monitored by
a pressure gauge and a differential-pressure switch. On a
risein pressure drop acrossthefilter to the switch setpoint,
the switch turns on apilot light.

(8) Economizer control. When the control-system
mode of operation no longer requires the outside-air,
return-air, and relief-air dampers to be in their full-
recirculation operating positions, the dampers are posi-
tioned to admit outside air for ventilation. The dampers
then remain at minimum position until the economizer
controller closes both its PV and DEV contacts. The
economizer controller closes its PV contacts when the
return-air temperature indicates that the building requires
cooling rather than heating. The economizer controller
dosesits DEV contacts when the outside-air temperature
is sufficiently below the return-air temperature to be
effective for cooling. When both these contacts close, the
dampers are modulated by mixed-air temperature control.

(9) Mixed-air-temperature control. A mixed-air tem-
perature controller with its temperature transmitter in the
mixed air modulates the outside-air and relief-air dampers
between minimum position and fully open to maintain a
mixed-air temperature of 55 degrees F. Asthe outside-air
and relief-air dampers open, the return-air damper closes.

(10) Cold-deck temperature control. A cold-deck
temperature controller with its temperature transmitter in
the cold-deck discharge modulates the cooling-coil valve
to maintain its setpoint temperature during the ventilation-
delay and occupied modes.

(11) Hot-deck temperature control. A hot-deck tem-
perature controller with its temperature transmitter in the
heating-coil discharge modulates the heating-oil valve to
maintain its temperature setpoint. Outside-air temperature
controller TC-XX04 with itstemperature transmitter in the
outside-air lowersthe satpoint of the hot-deck controller as
outside-air temperature rises. On a fal in outside-air
temperature, the reverse occurs.

(12) Zone space-temperature control. On a rising
space temperature, each zone space thermostat modul ates
the zone mixing damper toward closed to the hot deck and
open to the cold deck.

(13) Unoccupied mode of operation. Throughout the
unoccupied mode, the outside-air and relief-air dampers
and the cooling-coil vave remain closed, and the return-air
damper remains open. The supply and return fans are
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cycled by the system's night thermostat to maintain its low-
limit space-temperature setpoint.

(14) Venttilation-dday mode of operation. During the
ventilation-delay mode, the dampers remain as they were
throughout the unoccupied mode, and the supply and
return fans run continuously. Until the ventilation-delay
mode ends, the HVAC system circulates return air to bring
the building to comfort conditions, using a minimum of
energy.

(15) Occupied mode of operation. The supply and
return fans run continuoudly, and the outside-air and relief-
air dampers are at minimum position or are under mixed-
air-temperature control as previously described.

c. Detailed sequence of operation.

(1) Timecdock CLK-XX01 hastwo independent sets
of contacts, which between them determine the mode under
which the system operates. Five minutes before the
scheduled beginning of the occupied mode, the ventilation-
delay contacts close, energizing relay R-XX04 and lighting
pilot light PL-XX02. The normally-closed contacts of relay
R-XX04 open, preventing relay R-XX03 from being
energized. The normally-open contacts of relay R-XX03
prevent any signal reaching current-to-pneumatic
transducer |P-XX01. Thus, the dampers remain in their
normal positions, with outside-air and relief-air dampers
closed and return-air damper open.

(2) When the time-clock’s occupied contacts close,
relays R-XX01 and R-XX02 are energized, and pilot light
PL-XXO01 is turned on. The contacts of relay R-XX02
energize the supply fan. The auxiliary contacts of the
supply-fan starter energize relay R-XX05 and, with the
contacts of relay R-XXO01, energize relay R-XX06. The
contacts of relay R-XX06 place the cold-deck temperature
controller in control of cooling-oil valve VLV-XX01. The
outside-air and relief-air dampers remain closed and the
return-air damper remains open.

(3) When theventilation-delay contacts of time clock
CLK-XX01 open to end the ventilation-delay mode of
operation, relay R-XX04 is de-energized. The normally-
closed contacts of relay R-XX04, in series wit the now
closed but normally-open contacts of relays R-XX01 and
R-XX05, energize rlay R-XX03. The normally-open con-
tacts of relay R-XX03 connect the output signal of high-
signal selector TY-XXO01 to current-to-pneumatic trans-
ducer IP-XX01. The pneumatic output of transducer IP-
XXO01 places the dampers at the minimum position set on
minimum-position switch MPS-XX01, unless relay R-
XXO07 is energized. Economizer EC-XXO01 controls the
action of relay R-XX07. The economizer receives signals
from outside-air temperature transmitter TT-XX02 and
from return-air transmitter TT-XX03. The difference
between the return-air temperature and the outside-air
temperature controls the DEV contacts, and the return-air
temperature controls the PV contacts. When both these
contacts are closed, relay R-XX07 is energized and pilot
light PL-XX03 is turned on. When relay R-XXO07 is
energized, its contacts connect the output of mixed-air
controller TC-XX01 to high-signal selector TY-XX01 to
modulate the outside-air and relief-air dampers between
minimum position and fully open while modulating the
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return-air damper in the opposite direction to maintain the
mixed-air temperature controller setpoint.

(4) On a fal in temperature to its setpoint, low-
temperature-protection thermostat TSL-XX01 open a set
of closed contacts in the supply-fan starter circuit, de-
energizing the supply fan. The auxiliary contacts of the
supply-fan starter de-energize relay R-XX05, and the con-
tacts of relay R-XX05 in the return-fan starter circuit de-
energize the return fan. A set of open contacts in low-
temperature-protection thermostat TSL-XX01 close,
energizing relay R-XX08 and lighting pilot light PL-
XXO05. The contacts of relay R-XX08 energize relays R-
XX10 and R-XX11. One set of the contacts of relay R-
XX10locksin relays R-XX10 and R-XX11, and another
set de-energizes the supply fan. Relay R-XX11 de
energizes the return fan. To restart the fans after a low-
temperature shutdown, both the low-temperature ther-
mostat TSL-XX01, and the control panel must be manu-
ally reset. The control panel is reset by momentarily
depressing manual switch H S-XX02.

(5) When smoke detector SMK-XX01 or smoke
detector SMK-XX02 detects the presence of smoke, its
normally-closed contacts in the supply-fan starter circuit
open, de-energizing the supply-fan. The auxiliary contacts
of the supply-fan starter de-energize relay R-XX05, and
the contacts of relay R-XX05 in the return-fan starter
circuit de-energize the return fan. Its normally-open con-
tacts close, energizing relay R-XX09. The normally-open
contacts of R-XX09 close, energizing relays R-XX10 and
R-XX11. One set of contacts of relay R-XX10 (line 17)
locks in relays R-XX10 and R-XX11. The other set of
contacts of rlay R-XX 10 (line 101) de-energizes the sup-
ply fan, and the contacts of rlay R-XX11 de-energize the
return fan. To restart the fans after a smoke aarm
shutdown, smoke detectors SMK-XX01 and/or SMK-
XX02 and the control panel must be manually reset. The
control panel isreset by momentarily depressing manual
switch HS-XX02.

(6) Differentid-pressure gauge DPI-XX01 across the
filter provides locd indication of filter loading. On arise
in pressure drop across the filter to its setpoint,
differential-pressure switch DPS-X X 01 turns on pilot light
PL-XX04.

(7) Temperature controller TC-XX02, with its tem-
perature transmitter TT-XX04 in the cooling-coil dis-
charge, through the contacts of relay R-XX06 and current-
to-pneumatic transducer 1P-XX02, modulates cooling-cail
valve VLV-XX01 to maintain its temperature setpoint.
Relay R-XXO06 is energized during the ventilation-delay
and occupied modes. During the unoccupied mode, R-
XX06 is de-energized, cooling-coil valve control is
interrupted, and the valve closes.

(8) Hot-deck temperature controller TC-XX03, with
its temperature transmitter TT-XX05 in the heating coil
discharge, modulates hot-deck heating coil valve VLV-
XX02 to maintain its temperature setpoint. Controller TC-
XX04 with temperature transmitter TI'-XX02 in the
outside air rai ses the setpoint of controller TC-XX03 on a
fall in outside-air temperature and lowersit on arisein
outside-air temperature.

(9) On arising zone space temperature, thermostat T-
XXXX modulates damper actuator DA-XXXX to
gradually close the zone damper to the hot deck and open
it to the cold deck. The reverse occurs on a falling zone
space temperature.

(10) When the occupied contacts of time clock CLK -
XX 01 open to end the occupied mode and index the system
to the unoccupied mode, relays R-XX01 and R-XX02 are
de-energized and pilot light PL-XX01 is turned off. The
contacts of relay R-XX02 open, de-energizing the supply
fan and placing the system's night thermostat TSL-XX02
in control of the supply fan, and, through interlock, in
control of the return fan. On afall in space temperature
toss degrees F, the contacts of TSL-XX02 close,
energizing both fans, on arisein temperature to 60 degrees
F, the contacts open, de-energizing the fans.

4-19. Dual-duct HVAC control system with
return fan

a. Description of the HVAC system. This is an air-
handling system with supply and return fans, economizer
dampers, a cold duct with a cooling coil, and a hot duct
with a heating coail. In addition, each dual-duct zone has a
thermostat and a dual-duct box with damper and damper
actuator. Figures 4-15A through 4- 15F show the design
for thistype of air-handling system.

b. General sequence of operation.

(1) Supply and return fans off When the fans are off,
the cooling-coil valve and the outside-air and relief- air
dampers are closed. The return-air damper is open. The
heating-coil valve is modulated under the control of the
hot-duct temperature controller. Dual-duct boxes are under
the control of their zone thermostats.

(2) Supply and return fans operating. When the fans
are on, the control dampers and the cooling-coil and
heating-coil valves are operated as required by the system's
mode of operation. The control dampers are either
positioned for full recirculation of air, positioned to
introduce minimum outside air, or modulated to maintain
mixed-air temperature. The cooling-coil valve is either
closed, or modulated to maintain the cold duct discharge
temperature setpoint. The heating-coil valve is modulated
to maintain the hot-duct discharge temperature. Dual-duct
boxes are under the control of their thermostats.

(3) Control of supply and return fans. Unless the
fans are stopped as the result of a safety shutdown, they
are on or off as required by the control system's mode of
operation.

(4) Safety shutdown of the fans. The control system
shuts down the fansif there is alow-temperature condition,
or if smoke is detected.

(5) Low-temperature detection. On afall in tempera-
ture to its setpoint, a low-temperature-protection ther-
mostat stops the supply and return fans. To restart the
fans, the thermostat and the control panel must be manu-
ally reset.

(6) Smoke detection. Duct smoke detectors stop the
supply and return fans whenever either detects the presence
of smoke. To restart the fans, the smoke detectors and
control panel must be manually reset.

(7) Filter condition. Filter condition is monitored by
apressure gauge and a differential-pressure switch. When
the pressure drop across the filter reaches the switch set-
point, the switch turns on apilot light.

(8) Economizer control. When the control system's
mode of operation no longer requires the outside-air,
return-air, and redlief-air dampers to be in their full-
recirculating positions, the dampers are positioned to admit
outside air for ventilation. The dampers then remain at
minimum position until the economizer controller closes
both its PV and DEV contacts. The economizer controller
closes its PV contacts when the return-air temperature
indicates that the building requires cooling rather than
heeting. The economizer controller closesits DEV contacts
when the outside-air temperature is sufficiently below the
return-air temperature to be effective for cooling. When
both these contacts close, the dampers are modulated by
mixed-air temperature control.

(9) Mixed-air temperature control. A mixed-air tem-
perature controller with its temperature transmitter in the
mixed air modulates the outside-air damper and relief-air
dampers between minimum position and fully open to
maintain a mixed-air temperature of 55 degrees F. Asthe
outside-air and relief-air dampers open, the return-air
damper closes.

(10) Cold-duct temperature control. A cold-duct
temperature controller with its temperature transmitter in
the cold-duct discharge modulates the cooling-coil valve to
maintain its setpoint temperature, during the ventilation-
delay and occupied modes.

(11) Hot-duct temperature control. A hot-duct tem-
perature controller with its temperature transmitter in the
heating-coil discharge modulates the heating-coil valveto
maintain its temperature setpoint. Another controller with
a temperature transmitter in the outside air lowers the
setpoint of the hot-duct controller as outside-air tem-
perature rises. On a fall in outside-air temperature the
reverse OCcurs.

(12) Zone space-temperature control. On arise in
temperature, each zone thermostat modulates the zone
dual-duct-box damper actuator to maintain its setpoint.

(18) Unoccupied mode of operation. Throughout the
unoccupied mode, the outside-air and relief-air dampers
and the cooling coil valve remain dosed, and the return- air
damper remains open. The supply and return fans are
cycled by the system's night thermostat to maintain its low-
limit space-temperature setpoint.

(14) Ventilation-dday mode of operation. During the
ventilation-delay mode, the dampers remain as they were
throughout the unoccupied mode, and the supply and
return fans run continuously. Until the ventilation-delay
mode ends, the HVAC system circulates return air to bring
the building to comfort conditions, using a minimum of
energy.

(15) Occupied mode of operation. The supply and
return fans run continuoudly, and the outside-air and relief-
air dampers are at minimum position or are under mixed-
air temperature control as previously described.



c. Detailed sequence of operation.

(1) Timeclock CLK-XX01 has two independent sets
of contacts, which between them determine the mode of
system operation. Five minutes before the scheduled
beginning of the occupied mode, the ventilation-delay con-
tacts close, energizing relay R-XX04 and lighting pilot
light PL-XX02. The normally-closed contacts of relay R-
XX04 open, preventing relay R-XX03 from being ener-
gized. The normally-open contacts of relay R-XX03 pre-
vent any signal reaching current-to-pneumatic transducer
IP-XX01. Thus, the dampers remain in their normal posi-
tions, with outdoor-air and relief-air dampers closed and
return-air damper open.

(2) When the time-clock’s occupied contacts close,
rdays R-XX01 and R-XX02 are energized and pilot light
PL-XXO01 is turned on. The contacts of relay R-XX02
energize the supply fan. The auxiliary contacts of the
supply-fan starter energize relay R-XX05, energizing the
return fan, and, with the contacts of relay R-XX01, ener-
gizerdlay R-XX06. The contacts of relay R-XX06 put the
cold-duct temperature controller in control of cooling-cail
vave VLV-XX0L1. The outside-air and relief-air dampers
remain closed and the return-air damper remains open.

(3) When theventilation-delay contacts of time clock
CLK-XX01 open to end the ventilation-delay mode of
operation, relay R-XX04 is de-energized and pilot light
PL-XX02 is turned off. The normally-closed contacts of
rdlay R-XX04, in serieswith the now closed but normally-
open contacts of relays R-XX03 connect the output signal
of high-signal selector TY -XX01 to current-to-pneumatic
transducer 1P-XX01. The pneumatic output of transducer
IP-XX01 places the dampers at the minimum position set
on minimum-position switch MPS-XX01, unlessrelay R-
XXO07 is energized. Economizer EC-XXO01 controls the
action of relay R-XX07. The economizer receives signals
from outside-air temperature transmitter TT-XX02 and
from return-air transmitter TT-XX03. The difference
between the return-air temperature and the outside-air
temperature controls the DEV contacts, and the return-air
temperature controls the PV contacts. When both these
contacts are closed, relay H-XX07 is energized and pilot
light PL-XX03 is turned on. When relay R-XXO07 is
energized, its contacts connect the output of mixed-air
controller TC-XX01 to high-signal selector TY-XX01to
modulate the outside-air and return-air dampers between
minimum position and fully open, while modulating the
return-air damper in the opposite direction to maintain the
mixed-air temperature controller setpoint.

(4) On a fal in temperature to its setpoint, low-
temperature-protection thermostat TSL-XX01 opens a set
of closed contacts in the supply-fan circuit, deenergizing
the supply fan. The auxiliary contacts of the supply fan
starter deenergize relay R-XX05, and the contacts of relay
R-XXO05 in the return-fan starter circuit de-energize the
return fan. A set of open contacts in low-temperature-
protection thermostat TSL-XXO01 close, energizing relay
R-XX08 and lighting pilot light PL-XX05. The contacts of
rdlay R-XX08 energize relays H-XX10 and R-XX11. One
set of the contacts of relay R-XX10 locks in relays R-

XX10 and R-XX11, and ancther set de-energizes the
supply fan. The contacts of relay H-XX 11 de-energize the
return fan. To restart the fans after a low-temperature
shutdown, both the low-temperature thermostat TSL-
XX01 and the control panel must be manually reset. The
control panel isreset by momentarily depressing manual
switch HS-XX02.

(5) When smoke detector SMK-XX01 or smoke
detector SMK-XX02 detects the presence of smoke, its
normally-closed contacts in the supply-fan starter circuit
open, de-energizing the supply fan. The auxiliary contacts
of the supply-fan starter de-energize relay R-XX05, and
the contacts of relay R-XX05 in the return-fan starter
circuit de-energize the return fan. Its normally-open con-
tacts close, energizing relay R-XX09. The normally-open
contacts of R-XX09 close, energizing relays R-XX10 and
R-XX11. One set of contacts of relay R-XX10 locks in
relays R-XX10 and R-XX11. The other set of the contacts
of relay R-XX10 de-energizes the supply fan, and the
contacts of relay R-XX11 de-energize the return fan. To
restart the fans after a smoke aarm shutdown, smoke
detectors SMK-XX01 and/or SMK-XX02 and the control
pand must be manually reset. The control panel isreset by
momentarily depressing manual switch HS-XX02.

(6) Differentid-pressure gauge DPI-XX01 across the
filter giveslocal indication of filter loading. On arisein
pressure drop across the filter to its setpoint, differential-
pressure switch DPS-XX 01 turns on filter pilot light
PL-XX04.

(7) Temperature transmitter TT-XX04 signals the
cold-duct discharge temperature to temperature controller
TC-XX02. During the ventilation-delay and occupied
modes, relay R-XX06 is energized and its contacts close,
alowing the TC-XX02 signd to be received by current-to-
pneumatic transducer |P-XX02. The pneumatic output of
IP-XX02 modulates cooling-coil valve VLV-XX01 to
maintain the setpoint of controller TC-XX02. During the
unoccupied mode, the contacts of relay R-XX06 are open,
cooling-cail valve control is interrupted, and the valve
closes.

(8) Hot-duct temperature controller TC-XX03, with
its temperature transmitter TT-XX05 in the heating-coil
discharge, modulates hot-duct heating coil valve VLV-
XX02 to maintain its temperature setpoint. Controller TC-
XX04, with its temperature transmitter TT-XX02 in the
outside air, raises the setpoint of controller TC-XX03 on
afal in outside-air temperature, and lowersit onarisein
outside-air temperature.

(9) On a rising space temperature, thermostat T-
XXXX modulates dua-duct box actuator DA-XXXX to
gradually close the box to the hot duct and gradually open
it to the cold duct.

(10) When the occupied contacts of time clock CLK -
XX 01 open to end the occupied mode and index the system
to the unoccupied mode, relays R-XX01 and R-XX02 are
de-energized and pilot light PL-XX01 is turned off. The
contacts of relay R-XX02 open, de-energizing the supply
fan and placing the system’s night thermostat TSL-XX02
in control of the supply fan, and, through interlock as

previoudly described, in control of the return fan. On afall
in space temperature to 55 degrees F, the contacts of TSL-
XX02 close, energizing both fans; on arisein temperature
to 60 degrees F, the contacts open, deenergizing the fans.

4-20. Bypass multizone HVAC control system
with return fan

a. Description of the HVAC system. This is an air-
handling system with supply and return fans, economizer
dampers, a cold deck with a cooling coil, a bypass deck,
individual-zone mixing dampers, and individual-zone heat-
ing controls. Figures 4-16A through 4-16F show the
design for thistype of air-handling system.

b. General sequence of operation.

(1) Supply-air and return-air fans off. When the fans
are off, the cooling-cail valve, the outside-air and relief-air
dampers are closed. The return-air damper is open. Zone
heating-coil valves and dampers are under the control of
their zone thermostats.

(2) Supply-air and return-air fans operating. When the
fansare on, the control dampers and the cooling-coil valve
are operated as required by the system's mode of operation.
Zone heating-coil valves and dampers are under the control
of their zone thermostats. The control dampers are either
positioned for full recirculation of air, positioned to
introduce minimum outside air, or modulated to maintain
mixed-air temperature. The cooling-coil valve is either
closed, or modulated to maintain cold-deck temperature.

(3) Control of supply-air and return-air fans. Unless
the fans are stopped as the result of a safety shutdown,
they are on or off asrequired by the control system’'s mode
of operation.

(4) Safety shutdown of the fans. The control system
shuts down the fansif thereisalow-temperature condition,
or if smoke is detected.

(5) Low-temperature detection. On afall in temper-
ature to its setpoint, a low-temperature-protection ther-
mostat stops the supply-air and return-air fans. To restart
the fans, the thermostat and the control panel must be
manually reset.

(6) Smoke detection. Duct smoke detectors stop the
supply-air and return-air fans whenever either detects the
presence of smoke. To restart the fans, the smoke detectors
and control panel must be manually reset.

(7) Filter condition. Filter condition is monitored by
a pressure gauge and a differential-pressure switch. On a
risein pressure-drop acrossthefilter to the switch setpoint,
the switch turns on apilot light.

(8) Economizer control. When the control system
modes of operation no longer require the outside-air,
return-air, and relief-air dampers to be in their full-
recirculation positions, the dampers are positioned to admit
outside air for ventilation. The dampers then remain at
minimum position until the economizer controller closes
both its PV and DEV contacts. The economizer controller
closes its PV contacts when the return-air temperature
indicates that the building requires cooling rather than
heeting. The economizer controller closesits DEV contacts
when the outside-air temperature is sufficiently below the

return-air temperature to be effective for cooling. When
both these contacts close, the dampers are modulated by
mixed-air temperature control.

(9) Mixed-air temperature control. A mixed-air tem-
perature controller with its temperature transmitter in the
mixed air modulates the outside-air and relief-air dampers
between minimum position and fully open, to maintain a
mixed-air temperature of 55 degrees F. Asthe outside-air
and relief-air dampers open, the return-air damper closes.

(10) Cold-deck temperature control. A cold-deck
temperature controller with its temperature transmitter in
the cold-deck discharge modulates the cooling-coil valve
to maintain its setpoint temperature. During the unoc-
cupied mode, the cooling-cail valve is not controlled and
remains closed.

(11) Space-temperature control. On arisein temper-
ature, each zone thermostat first modul ates its zone-reheat-
coil valve toward closed. On afurther rise in temperature
after a space-temperature deadband, each zone thermostat
modulates its cold-deck damper toward open and
simultaneoudy modulates its bypass damper toward
closed.

(12) Unoccupied mode of operation. Throughout the
unoccupied mode, the outside-air and relief-air dampers
and the cooling-coil vave remain closed, and the return-air
damper remains open. The supply and return fans are
cycled by the system's night thermostat to maintain its low-
limit space-temperature setpoint.

(13) Ventilation-dday mode of operation. During the
ventilation-delay mode, the dampers remain as they were
throughout the unoccupied mode, and the supply-air and
return-air fans run continuoudly. Until the ventilation-delay
mode ends, return air is circulated, to bring the building to
comfort conditions using a minimum of energy.

(14) Occupied mode of operation. The supply-air and
return-air fans run continuously, and the outside-air and
relief-air dampers are at minimum position or are under
mixed-air temperature control as previoudy described.

c. Detailed sequence of operation.

(1) Timecdock CLK-XX01 hastwo independent sets
of contacts, which between them determine the mode under
which the system operates. Five minutes before the
scheduled beginning of the occupied mode, the ventilation-
delay contacts close, energizing relay R-XX04 and lighting
pilot light PL-XX02. The normally-closed contacts of relay
R-XX04 open, preventing relay R-XX03 from being
energized. The normally-open contacts of relay R-XX03
prevent any signal reaching current-to-pneumatic
transducer |P-XX01. Thus, the dampers remain in their
normal positions with outside-air and relief-air dampers
closed and return-air damper open.

(2) When the time clock's occupied contacts close,
rdays R-XX01 and R-XX02 are energized and pilot light
PL-XXO01 is turned on. The contacts of relay R-XX02
energizethe supply fan. The auxiliary contacts of the sup-
ply fan energize rdlay R-XX05 and, with contacts of relay
R-XX01, energizerdlay R-XX06. The contacts of relay R-
XX06 places the cold-deck temperature controller in
control of cooling-coil valve VLV-XX01. The outside-air
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and relief-air dampers remain closed and the return-air
damper remains open.

(3) When theventilation-delay contacts of time clock
CLK-XX01 open to end the ventilation-delay mode of
operation, relay R-XX04 is de-energized and pilot light
PL-XX02 is turned off. The normally-closed contacts of
rdlay H-XX04, in series with the now closed but normally -
open contacts of relays H-XX01 and R-XXO05, energize
relay H-XX03. The normally-open contacts of relay R-
XX03 connect the output signa of high-signal selector
TY-XXO01 to current-to-pneumatic transducer |P-XX01.
The pneumatic output of transducer |P-XX01 places the
dampers at the minimum position set on minimum-position
switch MPS-XX01, unless relay H-XX07 energized.
Economizer EC-XXO0L1 controls the action of relay H-
XX07. The economizer receives signals from outside-air
temperature transmitter TT-XX02 and from return-air
trangmitter TT-XX03. The difference between the return-
air temperature and the outside-air temperature controls
the DEV contacts, and the return-air temperature controls
the PV contacts. When both these contacts are closed,
relay H-XXO07 is energized and pilot light PL-XXO03 is
turned on. When relay R-XX 07 is energized, its contacts
connect the output of mixed-air controller TC-XXO01 to
high-signa sdector TY -XX01 to modulate the outside-air
and return-air dampers between minimum position and
fully open while modulating the return-air damper in the
opposite direction to maintain the temperature controller
setpoint.

(4) On a fal in temperature to its setpoint, low-
temperature-protection thermostat TSL-XX01 opens a set
of closed contacts in the supply-fan circuit, deenergizing
the supply fan. The auxiliary contacts of the supply-fan
starter de-energize relay H-XX05, and the contacts of relay
R-XXO05 in the return-fan starter circuit de-energize the
return fan. A set of open contacts in low-temperature-
protection thermostat TSL-XXO01 close, energizing relay
H-XX08 and lighting pilot light PL-XX05. The contacts of
rday H-XX08 energizerdlays H-XX10 and R-XX11. One
set of the contacts of relay R-XX10 locks in relays H-
XX10 locksin relays H-XX10 and H-XX 11, and another
set de-energizes the supply fan. The contacts of relay R-
XX11 de-energize the return fan. To restart the fans after
a low-temperature shutdown, both the low-temperature
thermostat TSL-XX01 and the control panel must be
manudly reset. The control panel isreset by momentarily
depressing manual switch HS-XX02.

(5) When smoke detector SMK-XX01 or smoke
detector SMK-XX02 detects the presence of smoke, its
normally-closed contacts in the supply-fan starter circuit
open, de-energizing the supply fan. The auxiliary contacts
of the supply-fan starter dc-energize relay R-XX05, and
the contacts of relay H-XX05 in the return-fan starter
circuit dc-energize the return fan. Its normally-open con-
tacts close, energizing relay R-XX09. The normally-open
contacts of R-XX09 close, energizing relays H-XX10 and
R-XX11. One &t of the contacts of relay H-XX10 locksin
relays R-XX10 and H-XX11; the other set de-energize
the supply fan. The contacts of relay R-XX11 de-energize
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the return fan. To restart the fans after a smoke-alarm
shutdown, smoke detectors SMK-XX01 and/or SMK-
XX02 and the control panel must be manually reset. The
control panel isreset by momentarily depressing manual
switch HS-XX02.

(6) A differential-pressure gauge DPI-XX01 across
the filter giveslocal indication of filter loading. On arise
in pressure drop across the filter to its setpoint,
differential-pressure switch DPS-X X 01 turns on pilot light
PL-XX04.

(7) Temperature transmitter TT-XX04 signals the
cold-deck discharge temperature to temperature controller
TC-XX02. During the ventilation-delay and occupied
modes, relay R-XX06 is energized and its contacts close,
alowing the TC-XX02 signd to be received by current-to-
pneumatic transducer |P-XX02. The pneumatic output of
IP-XX02 modulates cooling-coil valve VLV-XX01 to
maintain the setpoint of controller TC-XX02. During the
unoccupied mode, H-XXO06 is deenergized, cooling-coil
valve control isinterrupted, and the valve closes.

(8) On a rising space temperature, thermostat T-
XXXX first modulates reheat coil valve VLV-XXXX
closed, through the auxiliary actuator driver (AAD) of
damper actuator DA-XXX X, and on afurther temperature
rise modulates DA-X XXX to close the zone damper to the
bypass duct and open it to the cold duct.

(9) When the occupied contacts of time clock CLK-
XX 01 open to end the occupied mode and index the system
to the unoccupied mode, relays R-XX01 and H-XX02 are
dc-energized, and pilot light PL-XX01 is turned off. The
contacts of relay H-XX02 open, dc-energizing the supply
fan and placing the system’s night thermostat TSL-XX02
in control of the supply fan and, through interlock, in
control of the return fan. On afall in space temperature
toss degrees F, the contacts of TSL-XX02 close,
energizing both fans, on arisein temperature to 60 degrees
F, the contacts open, dc-energizing the fans.

4-21. Variable-air-volume HVAC control system
without return fan

a. Description of the HVAC system. This is an air-
handling system with an inlet-vane-equipped supply fan,
economizer dampers, filters, and cooling coil. Variable-air-
volume boxes, some of which are equipped with heating
coils, are located downstream in ductwork near the areas
served by the system. Figures 4-17A through 4-17F show
the design for this type of air-handling system.

B. General sequence of operation.

(1) Supply fan off. When the fan is off, the cooling-
coil valve and the outside-air, rdief-air, and supply-fan
inlet vane dampers are closed. The return-air damper is
open.
(2) Supply fan operating. When the supply fanison,
the cooling-coil valve and the control dampers are operated
as required by the system’'s mode of operation. The control
dampers are either positioned for full recirculation of air,
positioned to introduce minimum outside air, or modul ated
to maintain the mixed-air temperature. The cooling-coil
valve is either closed, or modulated to maintain unit-

discharge temperature.

(3) Control of supply fan. Unlessthefan is stopped as
the result of a safety shutdown, it is on or off asrequired
by the control system's mode of operation.

(4) Safety shutdown of the fan. The control system
shutsdown thefan if there is alow-temperature condition,
if smoke is detected, or if a high static-pressure condition
is detected.

(5) Low-temperature detection. On afall in tempera-
ture to its setpoint, a low-temperature-protection ther-
mostat stops the supply fan. To restart the fan, the ther-
mostat and the control panel must be manually reset.

(6) Smoke detection. Duct smoke detectors stop the
supply fan whenever either detects the presence of smoke.
To restart the fan, the smoke detectors and the control
pand must be manually reset.

(7) High-static-pressure detection. On arisein static
pressure above the setpoint of a high-limit static-pressure
switch downstream of the fan, the fan stops. To restart the
fan, the control panel must be manually reset.

(8) Filter condition. Filter condition is monitored by
apressure gauge and a differential-pressure switch. When
the pressure drop across the filter reaches the switch set-
point, the switch turns on apilot light.

(9) Economizer control. When the control system's
mode of operation no longer requires the outside-air,
return-air, and relief-air dampers to be in their full-
recirculating positions, the dampers are positioned to admit
outside air for ventilation. The dampers then remain at
minimum position until the economizer controller closes
both its PV and DEV contacts. The economizer controller
closes its PV contacts when the return-air temperature
indicates that the building requires cooling rather than
heeting. The economizer controller closesits DEV contacts
when the outside-air temperature is sufficiently below the
return-air temperature to be effective for cooling. When
both these contacts close, the dampers are modulated by
mixed-air-temperature control.

(10) Mixed-air temperature control. A mixed-air
temperature controller with its temperature transmitter in
the mixed air modul ates the outside-air damper and relief-
air dampers between minimum position and fully open, to
maintain a mixed-air temperature of 55 degrees F. Asthe
outside-air and relief-air dampers open, the return-air
damper closes.

(11) Cooling-coil temperature control. A cooling-coil
temperature controller with its temperature transmitter in
the unit discharge modul ates the cooling-coil valve during
the ventilation-delay and occupied modes to maintain its
setpoint temperature. During the unoccupied mode, the
cooling-coil valve is not controlled and remains closed.

(12) Space-temperature control. Each controlled
spaceis equipped with a Variable-air-volume (VAV) box,
which is controlled by a microprocessor-based VAV -box
controller. The controller receives temperature signals
from a temperature-sensing element in the space served
and from a flow sensor upstream of the VAV box. On a
fall in space temperature, the controller modulates the
dampers toward minimum position, to maintain the

cooling-mode setpoint. After the minimum position is
reached, the controller is inactive while the space tem-
perature falls through a temperature deadband. On a fur-
ther fal in temperature below the temperature deadband,
the heating-coil valve modulates to maintain the heating-
mode setpoint.

(13) Unoccupied mode of operation. Throughout the
unoccupied mode, the outside-air and relief-air dampers
and the cooling-coail vave remain closed, and the return-air
damper remains open. The supply fan is cycled by the
system's night thermostat to maintain its low-light space-
temperature setpoint.

(14) Ventilation-dday mode of operation. During the
ventilation-delay mode, the dampers remain as they were
throughout the unoccupied mode, and the supply fan runs
continuoudly. Until the ventilation-delay mode ends, return
ar iscirculated, to bring the building to comfort conditions
using aminimum of energy.

(15) Occupied mode of operation. The supply fan
runs continuously, and the outside-air and relief-air
dampers are at minimum position or are under mixed-air
temperature control as previously described.

c. Detailed sequence of operation.

(1) Timecdock CLK-XX01 hastwo independent sets
of contacts, which between them determine the mode of
system operation. Five minutes before the scheduled
beginning of the occupied mode, the ventilation-delay con-
tacts close, energizing relay H-XX04 and lighting pilot
light PL-XX02. The normally-closed contacts of relay H-
XX04 open, preventing relay R-XX03 from being ener-
gized. The normally-open contacts of relay H-XX03 pre-
vent any signal from reaching current-to-pneumatic trans-
ducer IP-XX01. Thus, the dampers remain in their normal
positions, with outside-air and relief-air dampers closed
and return-air damper open.

(2) When the time clock's occupied contacts close,
rdays H-XX01 and H-XX02 are energized and pilot light
PL-XXO01 is turned on. The contacts of relay H-XX02
energize the supply fan. The auxiliary contacts of the
supply-fan starter energize relay H-XX05 and relay H-
XX07, and, with the contacts of relay H-XXO01, energize
rdlay H-XX06. The contacts of relay H-XX06 enable dis-
charge temperature controller TC-XX02 to control
cooling-coil vave VLV-XX01. The outside-air and relief-
air dampers remain closed and the return-air damper
remains open.

(3) When theventilation-delay contacts of time clock
CLK-XX01 open to end the ventilation-delay mode of
operation, relay R-XX04 is de-energized and pilot light
PL-XXO0L1 is turned off. The normally-closed contacts of
rdlay H-XX04, in serieswith the now closed but normally-
open contacts of relays H-XX01 and H-XXO05, energize
relay H-XX03. The normally-open contacts of relay H-
XX03 connect the output signal of high-signal selector
TY-XXO0L1 to current-to-pneumatic transducer |P-XX01.
The pneumatic output of transducer |P-XX01 places the
dampers at the position set on minimum-position switch
MPX-XX01, unless relay H-XX08 is energized.
Economizer EC-XX01 controls the action of rday R-



XX08. The economizer receives signals from outside-air
temperature transmitter TT-XX02 and from return-air
trangmitter TT-XX03. The difference between the return-
air temperature and the outside-air temperature controls
the DEV contacts, and the return-air temperature controls
the PV contacts. When both these contacts are closed,
rdlay R-XXO08 is energized and pilot light PL-XX03 is
turned on. When relay R-XX08 is energized, its contacts
connect the output of mixed-air controller TC-XXO01 to
high-signal sdector TY-XX01, to modulate the outside-air
and return-air dampers between minimum position and
fully open while modulating the return-air damper in the
opposite direction to maintain the temperature controller
setpoint.

(4) On a fal in temperature to its setpoint, low-
temperature-protection thermostat TSL-XX01 opens a set
of closed contacts in the supply-fan circuit, deenergizing
the supply fan. A set of open contacts in low-temperature-
protection thermostat TSL-XX01 closes, energizing relay
R-XX09 and lighting pilot light PL-XX05. The contacts of
relay R-XX09 energize relay R-XX12. One set of the
contacts of relay R-XX12 locks in relay R-XX12, and
another set de-energizesthe supply fan. To restart the fans
after alow-temperature shutdown, both low-temperature
thermostat TSL-XX01 and the control panel must be
manudly reset. The control panel isreset by momentarily
depressing manual switch HS-XX03.

(5) When smoke detector SMK-XX01 or smoke
detector SMK-XX02 detects the presence of smoke, its
normally-closed contacts in the supply-fan starter circuit
open, de-energizing the supply fan. Its normally-open con-
tacts close, energizing relay R-XX10. The normally-open
contacts of R-XX 10 close, energizing relay R-XX12. One
set of contacts of relay R-XX12 locks in relay R-XX12.
The other set of contacts of rdlay R-XX 12 de-energizesthe
supply fan. To restart the fans after a smoke-alarm
shutdown, smoke detectors SMK-XX01 and/or SMK-
XX02 and the control panel must be manually reset. The
control panel isreset by momentarily depressing manual
switch HS-XX03.

(6) Differentid-pressure gauge DPI-XX01 across the
filter giveslocal indication of filter loading. On arisein
pressure drop across the filter to its setpoint, differential-
pressure switch DPS-XXO01 turns on filter pilot light PL-
XXO04.

(7) Temperature controller TC-XX02, with its tem-
perature transmitter TT-XX04 in the unit discharge,
through the contacts of relay R-XX06 and current-to-
pneumatic transducer 1P-XX02 modulates cooling-coil
valve VLV-XX01 to maintain its temperature setpoint.
The contacts of relay R-XX06 are closed during the
ventilation-delay and occupied modes, allowing control.
The contacts are open during the unoccupied mode, the
cooling-cail valve control is interrupted, and the valve
closes.

(8) A pressure-sensing element and transmitter DPT-
XXO01 located in the supply duct (the location is
determined by field conditions) signals duct static pressure
to controller PC-XX01. Whenever the supply fan runs, the

auxiliary contacts of the fan starter energize rdlay R-
XX07. The output of pressure controller PC-XXO01 is sent,
through the contacts of relay R-XX07, to current-to-
pneumatic transducer |P-XX03. The pneumatic output of
the transducer modulates the supply-fan inlet-vane actuator
DA-XX04 to maintain the pressure-controller setpoint.
When the fan is de-energized, rday R-XXO07 is de-
energized, its contacts open, and the inlet-vane dampers
close.

(9) When the setpoint of high-limit static-pressure
switch DPS-XX02 in the supply-fan discharge is exceeded,
its contacts close, energizing relay R-XX11 and lighting
static pilot light PL-XX07. One set of the contacts of relay
R-XX11 locks in relay R-XX11, and another set of
contacts energizes relay R-XX12. One contacts
deenergizes the supply fan. To restart the fan, manual
switch HS-XX02 must be momentarily depressed and then
manual switch HS-XX03 must be depressed.

(10) Temperature-sensing element TE-XXXX and
duct air-flow sensing element FE-XXXX signa the VAV
box controller to modulate reheat-coil valve VLV-XXXX
and VAV box damper actuator DA-XXXX. VaveVLV-
XXO01 opens after the VAV box is at its minimum flow
position. There is a space temperature dead band between
the minimum flow position and the opening of the valve.
On a rising space temperature, the VAV box controller
first gradually closes VLV-XXXX and then gradually
opensthe VAV box beyond minimum air-flow position to
maximum air-flow position after the space temperature
passes through the dead band.

(11) When the occupied contacts of time clock TC-
XX 01 open to end the occupied mode and index the system
to the unoccupied mode, relays R-XX01 and R-XX02 are
dc-energized and pilot light PL-XX01 is turned off. The
contacts of relay R-XX02 open, de-energizing the supply
fan and placing the system's night thermostat TSL-XX02
in control of the supply fan. On afall in space temperature
to 55 degrees F, the contacts of TSL-XX02 close,
energizing the supply fan; on arise in temperature to 60
degrees F, the contacts open, de-energizing the fan.

4-22. Variable-air-volume HVAC control system
with return fan

a. Description of the HVAC system. This is an air-
handling system with inlet-vane-equipped supply and
return fans, economizer dampers, filters, and cooling coil .
Variable-air-volume (VAV) boxes, some of which have
heeting coils are located downstream in the ductwork near
the areas served by the system. Figures 4-18A through 4-
18F show the design for this type of air-handling system.

b. General sequence of operation.

(1) Supply and return fans off When the fans are off,
the cooling-cail valve, outside-air, relief-air, supply-fan
inlet-vane and return-air inlet-vane dampers are closed,
and the return-air damper is open.

(2) Supply and return fans operating. When the fans
are on, the cooling-coil valve and the control dampers are
operated as required by the system's mode of operation.
The control dampers are either positioned for full recir-

culation of air, positioned to introduce minimum outside
air, or modulated to maintain mixed-air temperature. The
cooling-coil valveis either closed, or modulated to main-
tain unit discharge temperature.

(3) Control of supply and return fans. Unless the
fans are stopped as the result of a safety shutdown, they
are on or off as required by the control system's mode of
operation. When thefans are on, the inlet vanes are modu-
lated to maintain the required static pressure.

(4) Safety shutdowm of the fans. The control system
shuts down the fansif there isalow-temperature condition,
if smoke is detected, or if a high-static-pressure condition
is detected.

(5) Low-temperature detection. On afall in tempera-
ture to its setpoint, a low-temperature-protection ther-
mostat stops the supply and return fans. To restart the
fans, the thermostat and the control panel must be manu-
ally reset.

(6) Smoke detection. Duct smoke detectors stop the
supply and return fans whenever either detects the presence
of smoke. To restart the fans, the smoke detectors and
control panel must be manually reset.

(7) High-static-pressure detection. On arisein static
pressure above the setpoint of a high-limit static-pressure
switch downstream of the fan, the fans stop. To restart the
fan, the control panel must be manually reset.

(8) Filter condition. Filter condition is monitored by
a pressure gauge and a differential-pressure switch. On a
risein pressure-drop acrossthefilter to the switch setpoint,
the switch turns on apilot light.

(9) Economizer control. When the control system's
modes of operation no longer required the outside-air,
return-air, and relief-air dampers to be in their full-
recirculation positions, the dampers are positioned to admit
outside air for ventilation. The dampers then remain at
minimum position until the economizer controller closes
both its PV and DEV contacts. The economizer controller
closes its PV contacts when the return-air temperature
indicates that the building requires cooling rather than
heeting. The economizer controller closesits DEV contacts
with the outside-air temperature is sufficiently below the
return-air temperature to be effective for cooling. When
both these contact close, the dampers are modulated by
mixed-air temperature control.

(10) Mixed-air temperature control. A mixed-air
temperature controller with its temperature transmitter in
the mixed air modul ates the outside-air damper and relief-
air dampers between minimum position and fully open, to
maintain a mixed-air temperature of 55 degrees F. Asthe
outside-air and relief-air dampers open, the return-air
damper closes.

(11) Cooling-coil temperature control. A cooling-
coil temperature controller with its temperature transmitter
in the unit discharge modulates the cooling-cail valve to
maintain its setpoint temperature. During the unoccupied
mode, the cooling-coil valve is not controlled and remains
closed.

(12) Space-temperature control. Each controlled
spaceis equipped with a Variable-air-volume (VAV) box,
which is controlled by a microprocessor-based VAV -box

controller. The controller receives temperature signals
from a temperature-sensing element in the space served
and from a flow sensor upstream of the VAV box. On a
fall in space temperature, the controller modulates the
dampers toward minimum position, to maintain the cooling
mode setpoint. After the minimum position is reached, the
controller is inactive while the space temperature falls
through atemperature deadband. On a further fall in tem-
perature below the temperature deadband, the heating-coil
valve modulates to maintain the heating setpoint.

(13) Unoccupied mode of operation. Throughout the
unoccupied mode, the outside-air and relief-air dampers
and the cooling-coail vave remain closed, and the return-air
damper remains open. The supply-air and return-air fans
are cycled in unison by the system's night thermostat to
maintain its low-limit space-temperature setpoint.

(14) Ventilation-delay mode of operation. During
the ventilation-delay mode, the dampers remain as they
were throughout the unoccupied mode, and the supply-air
and return-air fans run continuously. Until the ventilation-
delay mode ends, all air isrecirculated, to bring the build-
ing to comfort conditions, using a minimum of energy.

(15) Occupied mode of operation. The supply-air
and return-air fans run continuously, and the outside-air
and relief-air dampers are at minimum position or are
under mixed-air-temperature control as previousy
described.

c. Detailed sequence of operation.

(1) Timecdock CLK-XX01 hastwo independent sets
of contacts, which between them determine the mode of
system operation. Five minutes before the scheduled
beginning of the occupied mode, the ventilation-delay con-
tacts close, energizing relay R-XX04 and lighting pilot
light PL-XX02. The normally-closed contacts of relay R-
XX04 open, preventing relay R-XX03 from being ener-
gized. The normally-open contacts of relay R-XX03 pre-
vent any signal from reaching current-to-pneumatic trans-
ducer IP-XX01. Thus, the dampers remain in their normal
positions, with outside-air And relief- air dampers closed
and return-air damper open.

(2) When the time-clock’s occupied contacts close,
rdays R-XX01 and R-XX02 are energized and pilot light
PL-XXO01 is turned on. The contacts of relay R-XX02
energize the supply fan. The auxiliary contacts of the
supply-fan starter energize relay R-XX05, and relay R-
XX07, and, with the contacts of relay R-XXO01, energize
relay R-XX06. One set of contacts of relay R-XX05 ener-
gizes the return fan. The other set of contacts (line 4) is
involved inthe energizing of relay R-XX03 when the ven-
tilation delay mode of operation is over. The contacts of
rdlay R-XX06 put discharge-temperature controller in
control of cooling-coil valve VLV-XXO01. The outside-air
and relief-air dampers remain closed and the return-air
damper remains open.

(3) When theventilation-delay contacts of time clock
CLK-XX01 open to end the ventilation-delay mode of
operation, relay R-XX04 is de-energized and pilot light
PL-XXO0L1 is turned off. The normally-closed contacts of
rdlay R-XX04, in serieswith the now closed but normally-
open contacts of relays R-XX01 and R-XX05, energize

49



relay R-XX03. The open contacts of relay R-XX03 con-
nect the output signal of high-signal selector TY-XX01to
current-to-pneumatic transducer |P-XX01. The pneumatic
output of transducer IP-XX01 places the dampers at the
minimum position set on minimum-position switch MPS-
XX01, unlessrelay R-XX08 isenergized. Economizer EC-
XXO01 controls the action of relay R-XX08. The
economi zer receives signals from outside-air temperature
trangmitter TT-XX02 and from return-air transmitter TT-
XX03. The difference between the return-air temperature
and the outside-air temperature controls the DEV contacts,
and the return-air temperature controls the PV contacts.
When both these contacts are closed, relay R-XX08 is
energized and pilot light PL-XX03 is turned on. When
rdlay R-XX08 isenergized, its contacts connect the output
of mixed-air controller TC-XX01 to high-signal selector
TY-XX01 to modulate the outside-air and return-air
dampers between minimum position and fully open while
modulating the return-air damper in the opposite direction
to maintain the temperature controller setpoint.

(4) On a fal in temperature to its setpoint, low-
temperature-protection thermostat TSL-XX01 opens a set
of closed contacts in the supply-fan circuit, deenergizing
the supply fan. The auxiliary contacts of the supply-fan
starter de-energize rdlay R-XX05, and the contacts of relay
R-XXO05 in the return-fan starter circuit de-energize the
return fan. A set of normally-open contacts in low-
temperature-protection thermostat TSL-XX01 close,
energizing relay R-XX- and lighting pilot light PL-XX05.
The contacts of relay R-XX- energize relay R-XX12 and
relay R-XX13. One set of the contacts of relay R-XX12
locks in rdlays R-XX12 and R-XX13, and the normally-
closad contacts of R-XX12 de-energize the supply fan. The
normally-closed contacts of R-XX13 in the return-fan
starter circuit de-energize thereturn fan. To restart the fans
after alow-temperature shutdown, both low-temperature
thermostat TSL-XX01 and the control panel must be
manudly reset. The control panel isreset by momentarily
depressing manual switch HS-XX03.

(5) When either smoke detector SMK-XX01 or smoke
detector SMK-XX02 detects the presence of smoke, its
normally-open contacts close, energizing relay R-XX10
and turning on pilot light PL-XX06. The contacts of R-
XX10 close, energizing relays R-XX 12 and R-XX13. One
set of contacts of relay R-XX12 locksin relays R-XX12
and R-XX13. The other set of the contacts of R-XX12 de-
energizes the supply fan, and the contacts of relay R-XX13
de-energize the return fan. To restart the fans after a
smoke-alarm shutdown, smoke detectors SMK-XX01
and/or SMK-XX02 and the control panel must be manu-
ally reset. The control panel is reset by momentarily
depressing manual switch HS09X X03.

(6) Differentid-pressure gauge DPI-XX 01 across the
filter provides locd indication of filter loading. On arise
in pressure drop across the filter to its setpoint,
differentia-pressure switch DPS-XXO01 turns on filter pilot
light PL-XX04.

(7) Temperature controller TC-XX02, with its tem-
perature transmitter TT-XX04 in the unit discharge,
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through current-to-pneumatic  transducer IP-XX02,
modulates cooling-coil valve VLV-XXO01 during the
ventilation-delay and occupied modesto maintain its set-
point. During the unoccupied mode, the contacts of relay
R-XX01 keep rday R-X X 06 de-energized, the contacts of
relay R-XXO06 interrupt the TC-XX02 output signal to
vave VLV-XX01, and the valve remains closed.

(8) Pressure-sensing eement and transmitter DPT-
XXO01 located in the supply duct (the location is
determined by field conditions) sends pressure signalsto
pressure controller PC-XX01. Whenever the supply fans
runs, the pressure-controller output is sent, through the
contacts of relay R-XX07, to current-to-pneumatic trans-
ducer IP-XX03. The pneumatic output of the transducer
modulates supply-fan inlet-vane actuator DA-XX04 to
maintain the pressure-controller setpoint. When thefanis
de-energized, relay R-XX07 is de-energized and the inlet-
vane dampers close.

(9) When the setpoint of high-limit static-pressure
switch DPS-XX02 in the supply-fan discharge is exceeded,
its contacts close, energizing relay R-XX11 and lighting
static pilot light PL-XX07. One set of the contacts of relay
R-XX11 locks in relay R-XX11, and another set of
contacts energizes relays R-XX12 and R-XX13. One set
of the contacts of relay RO9X X 12 locksin relays R-XX12
and R-XX13, and the other set of R-XX12 contacts de-
energizes the supply fan. The contacts of relay R-XX13
de-energize the return fan. To restart the fans, manual
switch HS-XX02 must be momentarily depressed and then
manual switch HS-XX03 must be depressed.

(10) Air-flow measuring station AFMA-XX01 inthe
supply-air duct and flow transmitter FT-XX01, and airflow
measuring station AFMA-XX02 in the return-air duct and
flow transmitter FT-XX02 send flow signals to flow
controller FC-XX0L1. The output of FC-XX01, through the
contacts of relay RO9XXO07, is sent to current-to-
pneumatic transducer |P-XX04. The pneumatic output of
| P-XX04 modulates the return-fan inlet-vane dampers to
maintain the constant differential-air volume between the
supply and return fans set on controller FC-XX01. When
the fans are de-energized, relay R-XX07 is de-energized,
its contacts open, breaking the control 1oop, and the return-
fan inlet vanes close.

(11) Temperature-sensing element TE-XXXX and
duct air-flow sensing element FE-XXXX signal the VAV -
box controller to modulate reheat-coil valve VLV-XXXX
and VAV -box damper actuator DA-XXXX. On arising
space temperature, the VAV-box controller first gradually
closes VLV-XXXX and then gradually opens the VAV
box beyond minimum air-flow position to maximum air-
flow position.

(12) When the occupied contacts of time clock TC-
XX 01 open to end the occupied mode and index the system
to the unoccupied mode, relays R-XX01 and R-XX02 are
de-energized and pilot light PL-XX01 is turned off. The
contacts of relay R-XX02 open, deenergizing the supply
fan and placing the system's night thermostat TSL-XX02
in control of the supply fan, and, through the supply fan
auxiliary contacts and relay R-XX05, in control of the

return fan. On afall in space temperature to 55 degreesF,
the contacts of TSL-XX02 close, energizing both fans; on
arise in temperature to 60 degrees F, the contacts open,
de-energizing the fans.

4-23. Single-zone HVAC control system without
return fan

a. Description of the HVAC system. The air-handling
system consists of a supply fan, economizer dampers, fil-
ter, heating coil, and cooling coil. Figures 4-19A and 4-
19F illustrate the design for this type of air-handling
system.

b. General sequence of operation.

(1) Supply fan off When the fan is off, the cooling-
coil valve and the outside-air and relief-air dampers are
closed, and thereturn-air damper is open. The heating-coil
valve remains under space-temperature control.

(2) Supply fan operating. When the fan is on, the
control dampers and the cooling-coil valve are operated as
required by the system's operational modes. The control
dampers are positioned for full recirculation of air, posi-
tioned to introduce minimum outside air, or modulated to
maintain space temperature. The cooling-cail valve is
either dosed, or modulated to maintain space temperature.

(3) Control of supply fan. Unlessthe fan is stopped
as the result of a safety shutdown, it is on or off as
required by the control system mode of operation.

(4) Safety shutdown of the fan. The control system
shutsdown thefan if there is alow-temperature condition,
of if smoke is detected.

(5) Low-temperature detection. On afall in tempera-
ture to its setpoint, a low-temperature-protection
thermostat stops the supply fan. To restart the fan, the
thermostat and the control panel must be manually reset.

(6) Smoke detection. Duct-smoke detectors stop the
supply fan whenever either detects the presence of smoke.
To restart the fan, the smoke detectors and control panel
must be manually reset.

(7) Filter condition. Filter condition is monitored by
apressure gauge and a differential-pressure switch. When
therisein pressure-drop acrossthe filter reaches the switch
setpoint, the switch turns on a pilot light.

(8) Economizer control. When the system does not
need full return-air recirculation, the dampers are set at
minimum position until the economizer controller closes
both its PV and DEV contacts. The economizer controller
closes its PV contacts when the return-air temperature
indicates that the building requires cooling rather than
heeting. The economizer controller closesits DEV contacts
when the outside-air temperature is sufficiently below the
return-air temperature to be effective for cooling. When
both these contacts close, the dampers are modulated as
part of the space-temperature control.

(9) Space-temperature control. On arise in space
temperature, the heating-coil valve is modulated toward
closed. On afurther risein temperature, the outside-air and
relief-air dampers are modulated from minimum position
toward fully open whilethe return-air damper is modulated
toward fully closed. On a ill further rise in space
temperature, the cooling-coil valve is modulated toward

open. The reverse occurs on afall in temperature.

(10) Unoccupied mode of operation. Throughout
the unoccupied mode, the outside-air and relief-air
dampers and the cooling-coil valve remain closed, and the
return-air damper remains open. The supply fanis cycled
by the system's night thermostat to maintain its low-limit
Space-temperature setpoint.

(11) Ventilation-delay mode of operation. During
the ventilation-delay mode, the dampers remain as they
were throughout the unoccupied mode, and the supply fan
runs continuously. Until the ventilation-delay mode ends,
return air is circulated, to bring the space to comfort con-
ditions using a minimum of energy. Heating-coil and
cooling-coil valves are under space-temperature control.

(12) Occupied mode of operation. The supply fan
runs continuously, and the outside-air and relief-air
dampers ace at a minimum position or are under space-
temperaturecontrol as previously  described.

c. Detailed sequence of operation.

(1) Timecdock CLK-XX01 hastwo independent sets
of contacts, which between them determine the mode of
system operation. Five minutes before the scheduled
beginning of the occupied mode, the ventilation-delay con-
tacts close, energizing relay R-XX04 and lighting pilot
light PL-XX02. The normally closed contacts of relay R-
XX04 open, preventing relay R-XX03 from being ener-
gized. The normally-open contacts of relay R-XX03 pre-
vent any signal from reaching current-to-pneumatic trans-
ducer IP-XX01. Thus, the dampers remain in their normal
positions, with outside-air and relief-air dampers closed
and return-air damper open.

(2) When the time-clock’s occupied contacts close,
relays R-XX01 and R-X X 02 ace energized, and pilot light
PL-XXO01 is turned on. The contacts of relay R-XX02
energize the supply fan. The auxiliary contacts of the
supply-fan starter energize relay R-XX05 and, with the
contacts of relay R-XX 01, energizes pneumatic valve EP-
XX01, which allows the space-temperature controller to
control cooling-coil valve VLV-XX02. Temperature-
setpoint device TSP-XX01 provides the means for adjust--
mg the setpoint of space-temperature controller TC-XX01.

(3) When theventilation-delay contacts of time clock
CLK-XX01 open to end the ventilation-delay mode of
operation, relay R-XX04 is de-energized and pilot light
PL-XX02 isturned off. The contacts of relay R-XX04, in
series with the now closed but normally-open contacts of
relays R-XX01 and R-XX05, energize relay R-XX03. The
contacts of relay R-XX03 connect the output signal of
high-signal selector TY-XXO01 to current-to-pneumatic
transducer 1P-XX01. The pneumatic output of transducer
IP-XX01 places the dampers at minimum position unless
relay R-XXO06 is energized. Economizer controller EC-
XXO01 controls the action of relay R-XX06. The
economi zer receives signals from outside-air temperature
trangmitter TT-XX01 and from return-air transmitter TT-
XX02. The difference between the return-air temperature
and the outside-air temperature controls the DEV contacts,
and the return-air temperature controls the PV contacts.
When both these contacts are closed, relay R-XX06 is
energized, and pilot light PL-XXO03 is turned on. The



contacts of relay R-XX06 close, alowing the space-
temperature controller TC-XX01 signal to modulate the
dampers beyond minimum position.

(4) Space-temperature proportional only controller
TC-XX01, with its temperature transmitter TT-XX03, on
a rise in space temperature modulates the heating-coil
valve toward closed. On a further rise in temperature, it
modulates the outside-air and relief-air dampers from
minimum position toward fully open while modulating the
return air damper toward dosed. On a still further risein
temperature, the cooling-coil valve is modulated toward
fully open. The reverse occurs on a fall in temperature.
Whenever the economizer controller de-energizersrelay R-
XXO06, the dampers revert to the minimum position set on
minimum position switch MPS-XX01. At the conclusion
of the occupied mode, relay R-XX01 is deenergized and,
through its contacts, relay R-XX03 is deenergized, closing
the dampers; pneumatic valve EP-XX01 de-energized,
cosing cooling-coil valve VLV-XX02. Heating-coil valve
VLV-XXO01 is always under the control of temperature
controller TC-XXO01.

(5) On a fal in temperature to its setpoint, low-
temperature-protection thermostat TSL-XX01 opens its
set of closed contacts in the supply-fan circuit, de-
energizing the supply fan. A set of open contactsin low-
temperature-protection thermostat TSL-XXO01 closes,
energizing relay R-XX07 and lighting pilot light PL-
XXO05. The contacts of relay R-XX07 energize relay R-
XX09. One set of the contacts of relay R-XX09 locksin
rlay R-XX09, and the other set de-energizes the supply
fan. To restart the fan after shutdown, both low-
temperature thermostat TSL-XX01 and the control panel
must be manually reset. The control panel is reset by
momentarily depressing manual switch HS-XX02.

(6) When smoke detector SMK-XX01 or smoke
detector SMK-XX02 detects the presence of smoke, its
normally-closed contacts in the supply-fan starting circuit
open, de-energizing the supply fan. The normally-open
contacts of the smoke detector(s) close, energizing relay R-
XX08 and lighting smoke pilot light PL-XX06. The
contacts of relay R-XX08 energize relay R-XX09. One set
of the contacts of relay R-XX09 closesto lock in R-XX09,
and the other set of contacts, in the supply-fan starter
circuit, opens. To restart the fan, the smoke detectors must
be manualy reset and the HVAC panel must also be reset
by depressing momentary switch HS-XX02.

(7) Differentid-pressure gauge DPI-XX 01 across the
filter provides locd indication of filter loading. On arise
in pressure drop across the filter to its setpoint,
differential-pressure switch DPS-X X 01 turns on pilot light
PL-XX04.

(8) When the occupied contacts of time clock TC-
XX 01 open to end the occupied mode and index the system
to the unoccupied mode, relays R-XX01 and R-XX02 are
de-energized and pilot light PL-XX01 is turned off. The
contacts of relay R-XX02 open, de-energizing the supply
fan and placing the system’s night thermostat TSL-XX02
in control of the supply fan. On afall in space temperature
to 55 degrees F, the contacts of TSL-XX02 close,
energizing the fan; on arise to temperature to 60 degrees

F, the contacts open, de-energizing the fan.

4-24. Dual-temperature-coil single-zone HVAC
control system without return fan

a. Description of the HVAC system. This air-handling
system consists of a supply fan, economizer dampers, fil-
ter, and dual-temperature coil. Figures 4-20A through 4-
20F illustrate the design for this type of air-handling
system.

b. General sequence of operation.

(1) Supply fan off Whenthe fan is off, the outside-air
and rdlief-air dampers are closed and the return-air damper
is open. The dua temperature-coil valveisunder control.

(2) Supply fan operating. when thefan is on, the con-
trol dampers and the dual-temperature-coil valve are oper-
ated as required by the system’s operational modes. The
control dampers are positioned for full recirculation of air,
positioned to introduce minimum outside air, or modul ated
to maintain space temperature. The dual-temperature-coil
valveisunder control.

(3) Control of supply fan. Unlessthe fan is stopped
as the result of a safety shutdown, it is on or off as
required by the control system mode of operation.

(4) Safety shutdown of the fan. The control system
shutsdown the fan if there is alow-temperature condition
or if smoke is detected.

(5) Low-temperature detection. On afall in tempera-
ture to its setpoint, a low-temperature-protection ther-
mostat stops the supply fan. To restart the fan, the
thermostat and the control panel must be manually reset.

(6) Smoke detection. Duct-smoke detectors stop the
supply fan whenever either detects the presence of smoke.
To restart the fan, the smoke detectors and control panel
must be manually reset.

(7) Filter condition. Filter condition is monitored by
apressure gauge and a differential-pressure switch. when
therisein pressure drop across the filter reaches the switch
setpoint, the switch turns on a pilot light.

(8) Economizer control. when the control system's
mode of operation no longer requires the outside-air,
return-air, and relief-air dampers to be in their full-
recirculation positions, the dampers are positioned to admit
outsdeair for ventilation. when both these contacts close,
the dampers are modulated as part of the space-
temperature control.

(9) Space-temperature control. The space
temperature controls have different sequences depending
on whether hot water or chilled water is being delivered to
the unit dual-temperature coil.

(@) Whenever hot water is being supplied to the
unit's dua-temperature coil, on arise in space temperature,
the dual-temperature-coil valve is modulated toward
closed. On a further rise through the temperature
deadband, the controls make no changes. Then, on a still
further rise in space temperature above the deadband, the
outside-air and relief-air dampers are modulated from the
minimum position toward fully open, and the return-air
damper is simultaneously modulated toward closed.

(B) whenever chilled water is being supplied to the

unit's dua-temperature coil, on arise in space temperature
above the deadband, the outside-air and relief-air dampers
are modul ated from minimum position toward fully open,
and simultaneously the return-air damper is modulated
toward fully closed and the dual-temperature-coil valveis
modul ated toward open.

(10) Unoccupied mode of operation. During the
unoccupied mode throughout the heating season, the sup-
ply fan is cycled by the night thermostat to maintain its
low-limit space-temperature setpoint, the outside-air and
relief-air dampersremain closed, and the return-air damper
remains open. During the unoccupied mode in the cooling
season, the unit remains de-energized.

(11) Ventilation-delay mode of operation. During
the ventilation-delay mode, the dampers remain as they
were throughout the unoccupied mode, and the supply fan
runs continuously. Until the ventilation-delay mode ends,
return air is circulated, to bring the building to comfort
conditions using a minimum of energy.

c. Detailed sequence of operation.

(1) Timecdock CLK-XX01 hastwo independent sets
of contacts, which between them determine the mode under
which the system operates. Five minutes before the
scheduled beginning of the occupied mode, the ventilation-
delay contacts close, energizing relay R-XX04 and lighting
pilot light PL-XX02. The normally-closed contacts of relay
R-XX04 open, preventing relay R-XX03 from being
energized. The normally-open contacts of relay R-XX03
prevent any signal from reaching current-to-pneumatic
transducer |P-XX01. Thus, the dampers remain in their
normal positions, with outside-air and relief-air dampers
closed and return-air damper open.

(2) When the time-clock's occupied contacts close,
rdlays R-XX01 and R-XX02 are energized, and pilot light
PL-XXO01 is turned on. The contacts of relay R-XX02
energizethe supply fan. The auxiliary contacts of the sup-
ply fan starter energize relay R-XX05.

(3) When theventilation-delay contacts of time clock
CLK-XX01 open to end the ventilation-delay mode, relay
R-XX04 isde-energized and pilot light PL-XX02 is turned
off. The contacts of relay R-XX04, in series with the now
closed but normally-open contacts of relays R-XX01 and
R-XX05, energize rdlay R-XX03. The contacts of relay R-
XX 03 close between high-signal selector TY-XX01 and
current-to-pneumatic transducer |P-XX01; this alowsthe
economizer dampers to assume the position set on
minimum-position switch MPS-XX01 unless relay R-
XX06 is energized.

(4) Economizer controller EC-XX01 receives signals
from outside-air temperature transmitter TT-XX01 and
from return-air temperature transmitter TT-XX02. The
difference between the return-air temperature and the
outside-air temperature controls the DEV contacts, and the
return-air temperature controls the PV contacts. when both
these contacts are closed, relay R-XX06 is energized and
pilot light PL-XX03 is turned on. when relay R-XX06 is
energized, its contacts connect the output of space-
temperature controller TC-XX02 to high signal selector
TY-XX01, to modulate the outside-air and return-air

dampers between minimum position and fully open while
modulating the return-air damper in the opposite direction
to maintain the temperature controller setpoint.

(5) Space-temperature transmitter TT-XX03 signals
the space temperature to controllers TC-XX01 and TC-
XX02. Controllers TC-XX01 and TC-XX02 are propor-
tional only controllers. Temperature setpoint device TSP-
XXO01 provides the means for adjusting the setpoints of
space zone temperature controllers, TC-XX01 and TC-
XX02. Onarise in temperature during the heating season
when hot water is being supplied to the dual-temperature
coil, space-temperature controller TC-XX02 modul ates the
dud-temperature-coil vave VLV-XX01 toward closed. On
afurther risein space temperature through the temperature
deadband, the controller isinactive. On a still further rise
in space temperature, economizer controller permitting,
controller TC-XX02 modulates the outside-air and relief-
air dampers from the minimum position set on minimum
position switch MPS-XX01 toward fully open, and
simultaneoudy modulates the return-air damper toward
closed.

(6) Onafall intemperatureto its setpoint, changeover
aguastat TS-XXO01 in the dual-temperature water supply
energizesdectricaly-actuated pneumatic valve EP-XX01,
which interrupts the TC-XX02/IP-XX02 signa to dual-
temperature-coil valve VLV-XX01 and replacesit with the
reverse acting. TC-XX01/P-XX03 signal. In addition, TS-
XX01 energizes changeover rdlay R-XX10 whenrelay R
-XX10isenergized its contacts turn off heating pilot light
PL XX07 and turn on cooling pilot light PL-XX08 On a
rise m space temperature during the cooling season,
temperature controller TC-XX02, economizer controller
permitting, modulates the outside-air and relief-air
dampers AD-XX01 and AD-XX03 from minimum
position toward fully open and simultaneously modulates
the return-air damper AD-XX02 toward fully closed. Con-
troller TC-XX 01, through current-to-pneumatic transducer
IP-XX03, modulates dual-temperature-coil valve VLV-
XX01 toward open.

(7) On a fal in temperature to its setpoint, low-
temperature-protection thermostat TSL-XX01 opens a set
of closed contacts in the supply-fan circuit, de-energizing
the supply fan. A set of open contacts in low-temperature-
protection thermostat TSL-XX01 closes, energizing relay
R-XX07 and lighting pilot light PL-XX05. The contacts of
relay R-XX07 energize R-XX09. One set of the contacts
of relay R-XX09 locksin relay R-XX09 and the other set
de-energizesthe supply fan. To restart the fans after alow-
temperature shutdown both the low-temperature
thermostat TSL-XX01 and the control panel must be
manudly reset. The control panel isreset by momentarily
depressing manual switch HX-XX02.

(8) When smoke detector SMK-XX01 or smoke
detector SMK-XX02 detects the presence of smoke, its
normally-closed contacts in the supply-fan starting circuit
open, de-energizing the supply fan. The normally-open
contacts of the smoke detector(s) close, energizing relay R-
XX08 and lighting smoke pilot PL-XX06. The contacts of
relay R-XX08 energize relay R-XX09. One set of the
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contacts of relay R-XX09 closesto lock in R-XX09, and
the other set of contacts, in the supply-fan starter circuit,
opens. To restart the fan, the smoke detectors must be
manudly reset and the HVAC panel must also be reset by
momentarily depressing manual switch HS-XX02.

(9) Differentid-pressure gauge DPI-XX 01 across the
filter giveslocal indication of filter loading. On arisein
pressure drop across the filter to its setpoint, differential-
pressure switch DPS-XX01 turns on pilot light PL-XX04.

(10) When the occupied contacts of time clock CLK -
XX 01 open to end the occupied mode and index the system
to the unoccupied mode, relays R-XX01 and R-XX02 are
de-energized and pilot light PL-XX01 is turned off. The
contacts of relay R-XX02 open, de-energizing the supply
fan and placing the system's night thermostat TSL-XX02
in control of the supply fan. On afall in space temperature
to 55 degrees F, the contacts of TSL-XX02 close,
energizing the fan; on arise in temperature to 60 degrees
F, the contacts open, de-energizing the fan.

4-25. Single-zone HVAC control system with
humidity control without return fan

a. Description of the HVAC system. This air-handling
system consists of asupply fan, filter, preheat coail, cooling
coil, reheat coil, and humidifier. The system also has a
steam-to-water heat exchanger and pump to supply hot
water to the preheat and reheat coils. Figures 4-21A
through 4-2 1F illustrates the design for this type of air-
handling system.

b. General sequence of operation.

(1) Supply fan off. When thefan is off, the outside-air
damper and the cooling-coil, humidifier and heat-
exchanger valves are all closed, and the pump is off. The
reheat coil valve remains under space temperature control.

(2) Supply fan operating. When the fan is on, the
pump is on, and the outside-air damper, heat-exchanger
valve, preheat-coil valve, cooling-cail valve, reheat-coil
vave and humidifier valve are operated as required by the
system's operational modes. The outside-air damper is
either open or closed. The preheat coil and reheat coil
valves are under the control of their respective controllers.
The cooling-coil valve is either closed or modulated to
maintain the space temperature and/or humidity.

(3) Control of supply fan. Unlessthe fan is stopped
as the result of a safety shutdown, it is on or off as
required by the control system's mode of operation.

(4) Safety shutdown of the fan. The control system
shuts down thefan if there is alow-temperature condition,
or if smoke is detected.

(5) Low-temperature detection. On afall in tempera-
ture to its setpoint, a low-temperature-protection ther-
mostat stops the supply fan. To restart the fan, the ther-
mostat and the control panel must be manually reset.

(6) Smoke detection. Duct-smoke detectors stop the
supply fan whenever they detect the presence of smoke. To
restart the fan, the smoke detectors and control panel must
be manually reset.
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(7) Filter condition. Filter condition is monitored by
a pressure gauge and a differential-pressure switch. when
therisein pressure drop acrossthe filter reaches the switch
setpoint, the switch turns on apilot light.

(8) Preheat-coil control. The preheat-coil valve is
modulated to maintain a constant preheat-coil discharge
temperature.

(9) Space-temperature control. The reheat-coil valve
and cooling-coil valve are modulated in sequence to main-
tain a constant space temperature.

(10) Space-humidity control. The humidifier valve
and cooling-coil valve are modulated in sequence to
maintain aconstant relative humidity in the space. A high-
limit unit-discharge humidity control overrides the space
control of the humidifier valve when necessary, to prevent
the rdative humidity in the supply duct from exceeding its
high-limit setpoint.

(11) Unoccupied mode of operation. Throughout the
unoccupied mode, the outside-air damper and cooling-coil
vaveremain closed. The supply fan is cycled by the night
thermostat to maintain its low-limit space-temperature
setpoint.

(12) Ventilation-delay mode of operation. Through-
out the ventilation-delay mode, the outside-air damper
remains closed. The reheat-coil and cooling-coil valves are
under the control of the room temperature controller.
Return air is circulated, to bring the building to comfort
conditions, using aminimum of energy.

(13) Occupied mode of operation. The supply fan
runs continuously with the outside-air dampers open. The
space temperature and humidity are controlled as
previously described.

c. Detailed sequence of operation.

(1) Timecdock CLK-XX01 hastwo independent sets
of contacts, which between them determine the mode under
which the system operates. Five minutes before the
scheduled beginning of the occupied mode, the ventilation-
delay contacts close, energizing relay R-XX04 and lighting
ventilation-delay pilot light PL-XX02. The closed contacts
of relay R-XX04 open, preventing relay R-XX03 and
electrically-actuated pneumatic valve EP-X X 01 from being
energized. The open contacts of relay R-XX03 interrupt
the signal to IP-XX03 keeping the humidifier valve closed.
when EP-XXO01 is de-energized, the damper remains
closed.

(2) When the occupied contacts of time-clock CLK-
XXO01 closg, relays R-XX01 and R-XX02 are energized
and pilot light PL-XX01 isturned on. The contacts of relay
R-XX01 energize the supply fan. The auxiliary contacts of
the supply-fan sarter energizerelay R-XX05, and since R-
XXO01isaready energized it dso energizes relay R-XX06.
The contacts of relay R-XX05 energize the pump starter,
and the contacts of relay R-XX06 place the cooling-coil
valve under space temperature/humidity control.

(3) When theventilation-delay contacts of time clock
CLK-XX01 open to end the ventilation-delay mode of
operation, relay R-XX04 is de-energized. The normally-
closed contacts of relay R-XX04 is close, energizing relay

R-XX03 and pneumatic valve EP-XX01. Pneumatic valve
EP-XX01 opens the outdoor-air damper. The contacts of
rdlay R-XX03 place the humidifier valve under control as
described in paragraph 4-25.c.(10).

(4) On arisein differential pressure to its setpoint,
differential-pressure switch DPS-XX01 or DPS-XX02
lights the filter pilot light PL-XX03.

(5) Onafal intemperature to its setpoint, the closed
contacts of low-temperature-protection thermostat TSL-
XX01 open, de-energizing the fan; its open contacts close,
energizing relay R-XX07 and lighting low-temperature
pilot light PL-XX04. The contacts of relay R-XX07 ener-
gize shutdown relay R-XX09. One set of the contacts of
relay R-XX09 closes to lock relay R-XX09 in, and the
other set de-energizes the supply fan. To restart the fan,
the thermostat and the control panel both must be reset.
Momentary switch HS-XX02 is used to reset the panel.

(6) When either amoke detector SMK-XX01 or SMK-
XX02 detects the presence of smoke, its normally-closed
contacts in the supply-fan starting circuit open, de-
energizing the supply fan. The normally-open contacts of
the smoke detector(s) close, energizing relay R-XX08 and
lighting smoke pilat light PL-XX05. The contacts of relay
R-XX08 energize relay R-XX09. One s&t of the contacts
of relay R-XX09 close to lock in R-XX09, and the other
set of contacts, in the supply-fan starter circuit, opensto
de-energizethefan. To restart the fan, the smoke detectors
must be manualy reset and the HVAC panel must also be
reset by depressing momentary switch HS-XX02.

(7) Whenever the pump runs, the auxiliary contacts of
the pump starter energize rdlay R-XX10 and light heating
pilot light PL-XX06. The contacts of relay R-XX10 place
heat-exchanger valve VLV-XX05 under control.

(8) Temperature transmitter T-T-XXO01 signals the
preheat-coil discharge temperature to temperature con-
troller TC-XXO0L1. The output of TC-XX01 isreceived by
current-to-pneumatic transducer |P-XX01. The pneumatic
output of IP-XX01 modulatesthe preheat-coil valve VLV-
XX01 to maintain the setpoint of controller TC-XX01.

(9) Space-temperature transmitter TT-XX02 signals
the space-temperature to temperature controller TC-XX02.
The output of TC-XXO02 is received by current-to-
pneumatic transducer IP-XX04 and high-signal selector
TY-XXO0L1. The pneumatic output of current-to-pneumatic
transducer 1P-XX04 modulates the reheat-coil valve VLV-
XX03. High-signal sdector TY -XX01 passes the higher of
the temperature signal and the humidity signal (next
paragraph) during the ventilation-delay and occupied
modes to current-to-pneumatic transducer |P-XX02. The
pneumatic signal of IP-XX02 modulates the cooling-coil
valve VLV-XX02 to maintain the space temperature or
humidity setpoint.

(10) Space-humidity transmitter RHT-XX02 signals
the space relative humidity to relative humidity controller
RHC-XX02. The output of reative-humidity controller
RHC-XX02 is transmitted to low-signal selector RHY -
XX01 and inverter INV-XX01. Low-signal selector RHY -
XXO01 asoreceivesasignd from unit-discharge high-limit

humidity controller RHC-XX01, (must be proportional
only) which receives unit-discharge rédative-humidity
signals from unit-discharge relative-humidity transmitter
RHT-XX01. The output of RHY-XXO01, during the
occupied mode only, is received by current-to- pneumatic
transmitter 1P-XX03, and the pneumatic output of IP-
XX03 modulates humidifier steam valve VLV-XX04. The
signal from controller RHC-XX02 to inverter INV-XX01
isreversed and sent to high-signal selector TY-XXO01. The
signal from space-temperature controller TC-XXO02,
(previous paragraph) and the signal from space-relative-
humidity controller RHC-XXO02, after inversion are
compared, and the higher signal, during the ventilation
delay and occupied modes, is sent to current-to-pneumatic
transducer 1P-XX02. The pneumatic signa of 1P-XX02
modulates the cooling-coil valve VLV-XX02 to maintain
the space-temperature or humidity setpoint.

(11) Temperature transmitter 'I' T-XX03 in the heat-
exchanger discharge, signals the hot-water supply tem-
perature to temperature controller TC-XX03. whenever the
pump runs, relay R-XX10 is energized, and, through the
contacts of R-XX10, the output of TC-XX03, through
current-to-pneumatic transducer |P-XX 05, modulates heat-
exchanger valve VLV-XX05 to maintain the TC-XX03
temperature setpoint. when the pump is deenergized, the
contacts of relay R-XX10 open, and the valve closes.

(12) When the occupied contacts of CLK-XXO01
open to end the occupied mode and index the system to the
unoccupied mode, relay R-XXO01 is de-energized and pilot
light PL-XXOL1 is turned off. The contacts of relay R-
XXO01 open, de-energizing the supply fan and placing the
system's night thermostat TSL-XX02 in control of the
supply fan. On afal in space temperature to 55 degrees F,
the contacts of TSL-XX02 close, energizing the fan; ona
risein temperature to 60 degrees F, the contacts open, de-
energizing the fan.

4-26. Single-zone HVAC control system with
direct-expansion (DX) cooling coil without
return fan

a. Description of the HVAC system. This air-handling
system consists of a supply fan, economizer dampers, fil-
ter, heating coail, and athree-stage direct-expansion cooling
coil. Figures 4-22A through 4-22F illustrate the design for
thistype of air-handling system.

b. General sequence of operation.

(1) Supply fan off when the fan is off, the outside-air
and rdlief-air dampers are closed and the return-air damper
is open. The heating-coil valve is under control.

(2) Qupply fan operating. when thefan is on, the con-
trol dampers are either positioned for full recirculation of
air, positioned to introduce minimum outside air, or
modulated to maintain space temperature. The cooling is
either deenergized or cycled in stages to maintain space
temperature.

(3) Control of supply fan. Unlessthe fan is stopped
as the result of a safety shutdown, it is on or off as
required by the control system's mode of operation.

(4) Safety shutdown of the fan. The control system



shuts down thefan if there is alow-temperature condition,
or if smoke is detected.

(5) Low-temperature detection. On afall in tempera-
ture to its setpoint, a low-temperature-protection ther-
mostat stops the supply fan. To restart the fan, the
thermostat and the control panel must be manually reset.

(6) Smoke detection. Duct smoke detectors stop the
supply fan whenever they detect the presence of smoke. To
restart the fan, the smoke detectors and control panel must
be manually reset.

(7) Filter condition. Filter condition is monitored by
apressure gauge and a differential-pressure switch. when
therisein pressure drop across the filter reaches the switch
setpoint, the switch turns on a pilot light.

(8) Economizer control. When the control system's
mode of operation no longer requires the outside-air,
return-air, and relief-air dampers to be in their full-
recirculating positions, the dampers are positioned to admit
outside air for ventilation. The amount of ventilation air
then remains at minimum until the economizer controller
closes both its PV and DEV contacts. The economizer
controller closes its PV contacts when the return-air
temperature indicates that the building requires cooling
rather than heating. The economizer controller closes its
DEV contacts when the outside-air temperature is
sufficiently below the return-air temperature to be effective
for cooling. when both these contacts close, the dampers
are modulated as part of the space-temperature control.

(9) Space-temperature control. On arise in space
temperature, the heating-coil valve is modulated toward
closed. On afurther space temperature rise, the outside-air
and relief-air dampers are modulated between minimum
position toward fully open, and simultaneously the return
air damper is modulated toward fully closed to maintain
space temperature. On a still further rise in temperature,
the stages of cooling are cycled to maintain the space
temperature.

(10) Unoccupied mode of operation. Throughout the
unoccupied mode, the outside-air and relief-air dampers

remain closed, and the return-air damper remains open.
The heating-coil valve remains under space-temperature
control. The cooling stages are de-energized. The supply
fan is cycled by the system's night thermostat to maintain
its low-limit space-temperature setpoint.

(11) Ventilation-dday mode of operation. During the
ventilation-delay mode, the dampers remain as they were
throughout the unoccupied mode, and the supply fan runs
continuoudly. The cooling system is enabled. Until the
ventilation-delay mode ends, return air is circulated, to
bring the building to comfort conditions, using a minimum
of energy.

(12) Occupied mode of operation. The supply fan
runs continuously, and the outside-air and relief-air
dampers are a minimum position or are under space-
temperature control as previously described.

c. Detailed sequence of operation.

(1) Timecdock CLK-XX01 hastwo independent sets
of contacts, which between them determine the mode under
which the system operates. Five minutes before the
scheduled beginning of the occupied mode, the ventilation-
delay contacts close, energizing relay R-XX04 and lighting
pilot light PL-XX02. The normally-closed contacts of relay
R-XX04 open, preventing relay R-XX03 from being
energized. The normally-open contacts of relay R-XX03
prevent any signal from reaching electric damper actuators
DA-XX01, DA-XX02, and DA-XX03. Thus, the dampers
remain in their normal positions, with outside-air and
relief-air dampers closed and return-air damper open.

(2) When the time-clock’s occupied contacts close,
relays R-XX01 and R-XX02 are energized, and occupied
pilot light PL-XXO01 isturned on. The contacts of relay R-
XX02 energize the supply fan. The auxiliary contacts of
the supply-fan starter energize relay R-XX05 and, with the
contacts of relay R-XX01, energize relay R-XX06, which
places the space-temperature controller TC-XXO01 in
control of cooling sequencer SQCR-XX01.

(3) When theventilation-delay contacts of time clock
CLK-XX01 open to end the ventilation-delay mode, relay

R-XX04 isde-energized and pilot light PL-XX02 is turned
off. The contacts of rdlay R-XX04 energize relay R-XX03.
The contacts of relay R-XX03 close between high-signal
sdlector TY-XX01 and the el ectric-damper actuators. This
alowsthe economizer dampers to assume the position set
on minimum-position switch MPS-XX01 unlessrelay R-
XX07 isenergized.

(4) Economizer controller EC-XX01 receives signals
from outside-air temperature transmitter '--, T-XX01 and
from return-air temperature transmitter TT-XX02. The
difference between the return-air temperature and the
outside-air temperature controls the DEV contacts, and the
return-air temperature controls the PV contacts. when both
these contacts are closed, relay R-XX07 is energized and
pilot light PL-XX03 is turned on. when relay R-XX07 is
energized, its contacts connect the output of space-
temperature controller TC-XXO01 to high-signal selector
TY-XX01, to modulate the outside-air and return-air
dampers between minimum position and fully open while
modulating the return-air damper in the opposite direction
to maintain the temperature controller setpoint.

(5) Space-temperature transmitter TT-XX03 signals
the space temperature to proportional only space-
temperature controller TC-XX01. The TC-XX01 output
through loop drivers LD-XX01, LD-XX02, and LD-XX03
controls the cooling sequencer, the economizer dampers,
and the heating-coil valve respectively. On arise in space
temperature, controller TC-XX01 through loop driver LD-
XX03 modulates heating-coil valve VLV-XXO01 closed.
On afurther temperature rise, if the economizer controller
permits, the controller, through loop driver LD-XX02,
modulates the outside-air and relief-air dampers from
minimum position toward fully open and simultaneously
modulates the return-air damper toward fully closed. On a
still further rise, the controller, through loop driver LD-
XX01 and sequencer SQCR-XX01, successively energizes
the stages of cooling. The reverse occurs on a fal in
temperature.

(6) On a fall in temperature to its setpoint, low-

temperature-protection thermostat TSL-XX01 opens a set
of closed contacts in the supply-fan circuit, de-energizing
the supply fan. A set of open contacts in low-temperature-
protection thermostat TSL-XX01 closes, energizing relay
R-XX08 and lighting low-temperature pilot light PL-
XX05. The contacts of R-XX08 energize relay R-XX10.
One st of the contacts of relay R-XX10 locksinrdlay R-
XX10, and the other set de-energizes the supply fan. To
restart the fans after alow-temperature shutdown both the
low-temperature thermostat TSL-XX01 and the control
pand must be manually reset. The control panel isreset by
momentarily depressing manual switch HS-XX02.

(7) When smoke detector SMK-XX01 or smoke
detector SMK-XX02 detects the presence of smoke, its
normally-closed contacts in the supply-fan starting circuit
open, de-energizing the supply fan. The normally-open
contacts of the smoke detector(s) close, energizing relay R-
XX09 and lighting smoke pilot light PL-XX06. The
contacts of relay R-XX09 energize relay R-XX10. One set
of the contacts of redlay R-XX10 closesto lock in R-X X 10,
and the other set of contacts, in the supply-fan starter
circuit, opens. To restart the fan, the smoke detectors must
be manualy reset and the HVAC panel must also be reset
by depressing momentary switch HS-XX02.

(8) Differentid-pressure gauge DPI-XX 01 across the
filter provides locd indication of filter loading. On arise
in pressure drop across the filter to its setpoint,
differential-pressure switch DPS-X X 01 turns on pilot light
PL-XX04.

(9) When the occupied contacts of time clock CLK-
XX 01 open to end the occupied mode and index the system
to the unoccupied mode, relays R-XX01 and R-XX02 are
de-energized and pilot light PL-XX01 is turned off. The
contacts of relay R-XX02 open, de-energizing the supply
fan and placing the system's night thermostat TSL-XX02
in control of the supply fan. On afall in space temperature
to 55 degrees F, the contacts of TSL-XX02 close,
energizing the fan; on arise in temperature to 60 degrees
F, the contacts open, de-energizing the fan.
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ILLUMINATED MAINTAINED-CONTACT
INTERLOCKED SWITCHES

ASSIGNABLE

——3.62" —=

BULKHEAD FITTINGS
BOTTOM OF CABINET

3.62"

|

STANDARD CONTROLLER CUTQUT
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Figure 4-6E. Standard HVAC control-panel terminal-block assignments.
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Figure 4-6E. Standard HVAC control-panel terminal-block assignments.
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RETURN OUTSIDE
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L\ ° PN ' o
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| /"R ECONOMIZER
@_\ \_/

T DEV */PL
. CPA
> I \_/ ECONOMIZER
PV

"

ECONOMIZER-CONTROLLER WIRING
(CONTACTS CONFIGURED AS PV AND DEV)

FOR ELECTRIC ACTUATOR,DELETE IP,
CONNECT LOOP QUTPUT (-) TO TERMINAL
BLOCK #9,AND REMOVE CONNECTOR BETWEEN
TERMINAL BLOCKS *8 & *9

Figure 4-6F. Controller wiring.
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Figure 4-6G. Supply-fan and return-fan starter wiring.
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Figure 4-6H. Exhaust-fan and pump-starter wiring.



HVAC

CONTROL
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FROM XXXX
T
HNT
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Ry ST Aananns ¢
HEEN
L |

V
TERMINAL-BLOCK LQOCATIONS 171-180 ARE

ASSIGNABLE FOR INTERNAL DC POWER-
DISTRIBUTION REQUIREMENTS

V
TERMINAL-BLOCK LOCATIONS 141-170 ARE

AVAILABLE FOR AC POWER-DISTRIBUTION
REQUIREMENTS AND EXTERNAL USE

Figure 4—61. HVAC control-panel power wiring.
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SO
/_@ WL
1 SUPPLY TQ HEATING ZONES

v TG OR AIR-HANDLING UNIT COILS
f o] "]
- e By S
LOG: X00XX RETURN \( LOC: X)0X
AR SEPARATOR

FROM HEATING ZONES
OR AR-HANDLING UNIT COWLS

PRIMARY -PUMPING SYSTEM
SOH®_ SO E

SPARE
& ) a
—~ "r’
SUPPLY TO HEATING ZONE ‘ SUPPLY TO HEATING ZONE

-
>

T ®
1

@3_4 RETURN FROM HEATING ZONE

RETURN SUPPLY RETURN SUPPLY

SECONDARY -PUMPING SYSTEM H/—/ SECONDARY-PUMPING SYSTEM
FROM PRIMARY FROM PRIMARY
PUMPING SYSTEM PUMPING SYSTEM

Figure 4~-7A. Control-system schematic for central-plant steam hydrownic-heating control system XX.
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LOGP CONTROL FUNCTION | DEVICE NUMBER DEVICE FUNCTION SETPOINT RANGE ADDITIONAL PARAMETERS
. - i CV-20
CONVERTER TEMPERATURE VLV-XXO! CONVERTER VALVE 3-15 PSIG Vo3t acamsT 10 PSIG
PV _CONTACT
TS0E . SRS o AL eoor
OUTSIDE-AR 15°F . o
TG-Xx01 TEMPERATURE CONTROLLER T y “30°T0 +130°F WMMMUM OUTPUT-07
PORPORTIONAL BAND 56 MMM CUTPUT-C2
SYSTEM-SUPPLY OA TENP-0"F SUPPLY TEMP-200°F
TC-Xx02 TEMPERATURE CONTROLLER OA TENP-S°F SUPRLY TEMP-100°F 100 TO 250°F —
TT-XX01 TEUPERATURE. TRANSTTER — -30°T0 +130°F —
TT-Xx02 TENPERATURE TRANSMTTER — 100 T0 250°F —
SPACE TEMPERATURE TT-XX03 %ﬁggwme 50°F TO 85°F —_
. - y ove7
VLV-XX02 ZONE VALVE 3-15 PSIG CLOSE AGANST 10 PSIG
SPACE- o R . SET LIMTS AVALABLE TO
TC-XX03 TEMPERATURE CONT 4 MA-50 € 50°F T0 88°F QCCUPANT BY TSP-XXO1 AT
CONTROLLER 20 MA-85°F RN 3F
TSP-XXO01 MANUAL -SE TPOINT 4 MA - 50% AVALABLE
ADJUSTMENT 20 MA - 85F TO OCCUPANT
TSP-XX02 AL SE TTONT 57°F — —
SPACE_LOW- SLX LOW-LIIT SPACE- . - STARTS PUMP AT 55°F
UMIT TEMPERATURE SL-XX01 TEMPERATURE THERMOSTAT 55°F STOPS PUMP AT ST°F
SPACE TEMPERATURE TT-XX04 ?ﬁﬁgﬂﬁ”{?”m S 50°F TQ 85°F N
- - . cv-7
VLV-XX03 ZONE VALVE 3-15 PSIG QY oL AGANST 10 PSG
SPACE- . . SET LIMITS AVALABLE TO
TC-XX04 4 MA-SQ F S0°F TO 85°F XX
C TEMPERATURE CONTROLLER 20 MAB5eF N BY o o XK03
MANUAL-SETPOINT AVALLABLE
TSP-XX03 ADJUSTMENT s~ %%".FF — TO OGCCUPANT
rrxoe | MAWALSETPONT 57 _ _
SPACE_LOW- LOW-LIMIT SPACE- STARTS PUMP AT 55°F
LIMIT TEMPERATURE TSL-XX02 TEMPERATURE THERMOSTAT 55°F B STOPS PUMP AT 57°F
P X0 NORMAL SCHEDULE .
m%m';m %LOKNT’%’T 365-DAY SCHEDULE _ CLOSED: 0T0Q HRS. OPEN: %g*ugf{még“

1700 HRS MsT. W\ TH.F

NOTE : OTHER CONTROL DEVICES SUCH AS IPS AND RELAYS ARE NOT SHOWN

Figure 4-7C. Equipment for central-plant steam hydronic-heating control system XX.
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Figure 4-7D. Control-panel interior-door layout for central-plant steam hydronic-heating control system XX.
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1-10 f1-20 21-30
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b oM
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4 x
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DC POWER-DISTRIBUTION PUMP-XXXX STARTER-CONTROL | PUMP-XXXX STARTER-CONTROL | PUMP-XXXX STARTER-CONTROL
TERMINAL BLOCKS AS REQUIRED WIRING TERMINAL BLOCKS WIRING TERMINAL BLOCKS WIRING TERMINAL BLOCKS

Figure 4-7F. Terminal-block layout for central-plant steam hydronic-heating control system XX control panel.
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Figure 4-8A. Comntrol-system schematic for single-building hydronic-heating with hot water boiler control system XX.
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LOOP CONTROL FUNCTION

DEVICE NUMBER DEVICE FUNCTION SETROINT RANGE ADDITIONAL PARAME TERS
HYDRONIC-HEATIN :
SUPPLY TE&PERAG'I‘lRE VLV-XX01 SYSTEM VALVE — 3-15 PSIG gfog: AGANST 10 PSIG
PV CONTACT
: s e b 2
OUTSIDE-AR 15°F TOPS P! 2
TC-xX01 TEMPERATURE CONTROLLER PROPORTIONAL BAND 567 -30°T0 +130°F pri i
SYSTEM-SUPPLY 0A TEMP-0°F SUPPLY TEMP-200 ¥
TC-XX02 TEMPERATURE CONTROLLER O TENP-60°F SUPPLY TEMPRO'F 100 TO 250°F —
TT-XX01 PEVPERATURE TRANSMITTER —_— -30°T0 +130°F —
SYSTEM-SUPPLY .
TT-XX02 TEMPERATURE TRANSMITTER — 100 TO 250 F o
SPACE TEMPERATURE TT-XX03 R SEMPERATURE — 50°F TO 85°F —
VLV-XX02 ZONE VALVE S 3-15 PSIG ov-7
CLOSE AGANST 10 PSIG
. . SET LMITS AVALABLE TO
TC-XX03 S{‘&RATURE CONTROLLER ;oﬂa;-’_’gs'j"_ 50°F TO 85°F offt:swrro B7Y2 oISP-XX01
TSP-XX01 MANUAL SETPOINT 4 MA - 55%F AVALABLE
ADJUSTMENT 20 MA - 85%F — TO OCCUPANT
TSP-XX02 mﬁug;wnr 57°F —_ —_—
SPACE LOW- TSL-XX01 LOW-LIMIT SPACE s5°F . STARTS PUMP AT 55°F
LIMIT TEMPERATURE TEMPERATURE THERMOSTAT 5 STOPS PUMP AT 57°F
SPACE TEMPERATURE TT-XX04 T ATMECRATURE — 50°F T0 85°F —
- CVe7
VLY-XX03 ZONE VALVE - 3-15 PSIG GLOSE AGANST 10 PSIG
SPACE- o SET_LMITS AVALABLE T0
TC-XX04 TEMPERATURE CONTROLLER ;o“ﬁ?gsgr §5°F T0 85°F OCCUPANT BY  TSP-XX03
MANUAL SETPOINT 4 MA -55% AVALABLE
TSP-XX03 ADJUSTMENT 20 MA - 85F TO OCCUPANT
TsP-xxo4 | MaNAL SETPONT 57°F — —
SPACE LOW- TSLXX02 LOW-LMT SPACE o STARTS PUMP AT 55°F
LIMT TEMPERATURE TEMPERATURE THERMOSTAT 5§ — STOPS PUMP AT 57°F
PIED E NORMAL SCHEDULE T SAT
oot oy 365-DAY SCHEDULE — CLOSED: 0700 HRS» OPEN: OPEN: SAT. SUN

1700 HRS M. T.W.TH.F

AND HOLIDAYS

NOTE: OTHER CONTROL DEVICES SUCH AS IPS AND RELAYS ARE NOT SHOWN

Figure 4-8C. Equipment for single-building hydronic-heating with hot water boiler control system XX.
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. ILLUMINATED MANTANED-CONTACT HS-XX03
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Figure 4-8D. Control-panel interior-door layout for single-building hydronic-heating with hot water boiler control system XX.
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Figure 4-8E. Back-panel layout for single-building hydronic-heating with hot water boiler control system XX control panel.



1-10 1-20

21-30 31-40 41-50 51-60 61-70
TC-XXO01 TC-XX02 TC-XX03 TC-XX04 SPACE SPACE SPACE
QUTSIDE-AR TEMPERATURE HYDRONIC-HEATING SPACE - TEMPERATURE SPACE - TEMPERATURE
CONTROLLER TERMINAL BLOCKS SUPPLY TEMPERATURE CONTROLLER TERMINAL BLOCKS | CONTROLLER TERMINAL BLOCKS
CONTOLLER TERMINAL
BLOCKS
g 3
R : 4
~ D m
73-80 81-84 85-90 91-100 101-110 11-120 121-130 “ > 135-140
x b4
g SPACE CLK-XXO1 SPACE SPACE SPACE SPACE SPARE 59 |92 | seace
§" ENCS xa | =a
3 REPLACEMENT a2 | o2
a% TERMINAL 23 | @
BLOCKS il
3 -l
[= [==4
141-170 171-180 181-190 191-200 201-210
AC POWER DISTRIBUTION TERMINAL BLOCKS AS REQUIRED

0C POWER DISTRIBUTION PUMP-XXXX STARTER CONTROL| PUMP-XXXX STARTER CONTROL | PUMP-XXXX STARTER CONTROL
TERMINAL BLOCKS AS REQUIRED WIRING TERMINAL BLOCKS WIRING TERMINAL BLOCKS WIRING TERMINAL BLOCKS

Figure 4-8F. Terminal-block layout for single-building kydronic-heating with hot water boiler control system XX control panel.
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Figure 4-9A. Control-system schematic for central-plant high-temperature hot-water hydronic-heating control system XX.
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LOOP CONTROL FUNCTION |  DEVICE NUMBER DEVICE FUNCTION SETPOINT RANGE ADDITIONAL PARAMETERS
- i Cv-20
CONVERTOR TEMPERATURE VLV-XX01 CONVERTOR CONTROL VALVE 3-15 PSIG CLOSE AGANST 120 PSIG
PV_GONTACT
HAn Sl oy
QUTSIDE-AR ° :
TC-XX0! TEWPERATURE CONTROLLER PORPORTIONAL BAND-567 -30°T0 130 ¥ ':mm O#J?#Jf%n
SYSTEM-SUPPLY OA TEWP-QF.SUPPLY TEMP-200°F o
TC-XX02 TEMPERATURE CONTROLLER OA TEMP<60°F SUPPLY TEWP-100°F 100 TO 250 F —
OUTSIDE-AR
TT-XX01 TEMPERATURE TRANSMITTER - -30°T0 +130°F —
SYSTEM-SUPPLY o
TT-Xx02 TEMPERATURE TRANSMITTER — 100 TO 250 F -—
SPACE TEMPERATURE TT-XX03 %ﬁg.;..‘%‘g’;“”““ S 50°F TO 85°F S
ev-7
VLV-XX02 ZONE VALVE — 315 PSIG CLOSE AGANST 10 PSIG
SPACE - .50° SET LWATS RVALABLE
TC-XX03 TEMPERATURE CONTROLLER ;OM;:A?g5EF 50°F TO 85°F ;? SOSCC'ILOPA;‘ZT"EY TSP-XX0t
MANUAL -SETPOINT 4 A - 50% AVAILABLE
TSP-XX01 ADJUSTMENT 20 'fM ey — TO OCCUPANT
-SETPOINT N
TSP-XX02 L e PON 57°F — _
0
PACE LOW- LOW-LIMIT SPACE- STARTS PUMP AT 5§°F
e LW TURE TSL-XXOt TEMPERATURE  THERMOSTAT 55°F — STOPS PUMP AT 57°F
SPACE TEMPERATURE TT-XX04 ?ﬁﬁggmﬁ“w“ — 50°F TQ 85°F S—
VLV-XX03 ZONE VALVE — 3-15 PSIC G oL AGANST 10 PSIG
SPACE- s . SET LMITS AVALABLE
TC-XX04 TEMPERATURE CONTROLLER Ao s 80°F T0 85°F 19 JCCUEANT, BY TSP-XX03
MANUAL-SETPOINT 4 MA - 50%F AVALABLE
TSP-XX03 ADJUSTMENT 20 MA - 85%F TO OCCUPANT
s | S — —
SPACE LOW- LOW-LIMIT SPACE- a STARTS PUMP AT 55°F
LIMIT TEMPERATURE TSL-XX02 TEMPERATURE THERMOSTAT 55°F J— ST r 57§F
Z NORWAL SCHEDULE PEN: SAT.
v A pramey 365-DAY SCHEDULE — CLOSED: 0700 HRS. OPEN: N S ImAy SN

1700 HRS M\ T, W, TH.F

MOTE:OTHER DEVICES SUCH AS

IPS AND RELAYS ARE NOT SHOWN

Figure 1-2C. Ecwipmert for central-plant high-temperature hot-water hydronic-heating control system XX.
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| BLANK NAMEPLATE AR — T -
(TYPICAL) ] S S
X % X
& —1 .C:L. — o
@ °LL 17
FRONT VIEW SWITCH AND PILOT LIGHT LEGEND REAR VIEW L
POSITION LEGEND DEVICE TYPE IDENTIFIER
. ILLUMINATED MAINTAINED CONTACT HS-XX01
1+ AUTOZAUTO OVERRIDE | iere OCKED SWITCHES
2 - ENABLE/OFF ILLUMINATED MAINTAINED CONTACT HS-XX02
INTERLOCKED SWITCHES
. ILLUMINATED MAINTAINED CONTACT HS-XX03
3 - ENABLE/OFF INTERLOCKED SWITCHES
. ILLUMINATED MANTAINED CONTACT HS-XX04
4 - ENABLE/OFF INTERLOCKED SWITCHES
5 - 0CC PILOT LIGHT PL-XXO01
6 - HEATING PILOT LIGHT PL-XX02
Figure 4-9D. Control-panel interior-door layout for central-plant kigh-temperature hot-water hydronic-heating control system XX.
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Figure 4-9E. Back-panel layout for central-plant high-temperature hot-water hydronic-heating system XX Control panel.
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TC-XXO1 TC-XX02 TC-XX03 TC-XX04
QUTSIDE-AR TEMPERATURE - HYDRONIC -HEATING SPACE - TEMPERAT URE - SPACE - TEMPERATURE -
CONTROLLER TERMINAL BLOCKS SUPPLY TEMPERATURE- CONTROLLER TERMINAL BLOCKS | CONTROLLER TERMINAL BLOCKS '
CONTOLLER TERMINAL
BLOCKS
o
g 3
-— 2]
5 B
71-80 81-84 85-90 91-100 01-110 111120 121-130 o | 13570
x x
SPACE CLK-XX01 SPACE SPACE SPACE SPACE SPACE 5§ s§ SPACE

> >

REPLACEMENT O RoW!

TERMINAL BZ gé%

BLOCKS E

Lt Ll

= =

141170 171-180 181-190 191-200 201-210
AC POWER-DISTRIBUTION TERMINAL BLOCKS AS REQURED OC POWER-DISTRIBUTION PUMP-XXXX_STARTER CONTROL- ‘ PUMP-XXXX_STARTER CONTROL- | PUMP-XXXX STARTER CONTROL-

TERMINAL BLOCKS AS REQUIRED WIRING TERMINAL BLOCKS WIRING TERMINAL BLOCKS | WRING TERMINAL BLOCKS

Figure 4-9F. Terminal-block layout for central-plant high-temperature hot-water hydronic-heating system XX control panel.
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Figure 4-10A. Control-system schematic for certral-plant steam dual-temperature hydronic control system XX.
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LOOP CONTROL FUNCTION | DEVICE NUMBER DEVICE FUNCTION SETPOINT RANGE ADDITIONAL PARAMETERS
QUPLY TEMPERAT RE VLV-XX01 CONVERTOR VALVE - 3-15 CLOSE AGANST 10 PSIC
. STARTS POWP AT 60°F
TC-Xxo1 ?&E‘%{#‘Lﬁza CONTROLLER oF -30°TQ +130°F ?,T,E,’ESMPBS'?FGLS%'F
MAXIMUM OUTPUT 677
TC-XX02 ?gaggg;?ﬁgg%ommum o {Dﬂ::g;g%s.gi:%r%mg%"; 100 10 250°F -
TT-XX01 TENPERATURE. TRANSMITTER — -30°T0 +130°F E—
T7-Xx02 TEVRCRATLRE TRANSMTTER B 100 10 250°F -
Crmcover V02 [Gave O OEOVER — 316 PSG Clost AaNsT 30 PsiG
VLV-XX03 VALV, CHANGEQVER — 3-15 PSiG CLOSE AcNST 30 PSiG
TSL-XX01 CHANGEOVER  THERMOSTAT S 30 10 240°F s T
O iED e 365-DAY SCHEDULE — ELOSED: 0700 HRS - GPEN: plramalige

1700 HRS M. T.W,TH,f

NOTE: OTHER CONTROL DEVICES SUCH AS IPS,RELAYS,AND SIGNAL SELECTORS ARE NOT SHOWN

Figure 4-10C. Equipment for central-plant steam dual-temperature hydronic control system XX.
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Figure 4-10D. Control-panel interior-door layout for central-plant steam dual-temperature hydronic system XX.
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OQUTSIDE-AR TEMPERATURE DUAL-TEMPERATURE
CONTROLLER TERMINAL BLOCKS SUPPLY TEMPERATURE
CONTOLLER TERMINAL
BLOCKS
71-80 81-84 85-90 91-100 101-110 111-120 121130
SPACE CLK-XXO! SPACE SPACE SPACE SPACE SPACE
EMCS
REPLACEMENT
TERMINAL
BLOCKS
141-170 ‘ 171-180 ‘ 181190 ) 191-200 ‘
i J,
AC POWER-DISTRIBUTION TERMINAL BLOCKS AS REQUIRED DC POWER-DISTRBUTION | PUMP-XXXX STARTER CONTRO! - | SPACE |
TERMINAL BLOCKS AS REQURED | WRING TERMINAL BLOCKS | :

|

| !

Figure 4-10F. Terminal-block layout for central-plant steam dual-temperative hydronic 2ysiem XX control panel.
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Figure 4-11A. Control-system schematic for central-plant high-temperature hot-water dual-temperature hydronic control system XX.
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LOOP CONTROL FUNCTION |  DEVICE NUMBER DEVICE FUNCTION SETPOINT RANGE ADDITIONAL PARAMETERS
DUAL-TEMPERATURE y CV=20
SUPPLY TEMPERATURE VLV-XX01 CONVERTOR CONTROL VALVE - 315 CLOSE AGANST 120 PSIG
PV _CONTACT
. S}g;gs pumpAATresg"r
OUTSIDE-AR 15°F . 3 PUMP AT 62°F
TC-XX0! TEMPERATURE CONTROLLER PROPORTIONAL BAND-567 -30°T0 +130°F MINIMUM OUTPUT-07
MAXIMUM OUTPUT-671%
SYSTEM-SUPPLY OA TEMP-0°F SUPPLY TEMP-200°F
TC-Xx02 TEMPERATURE CONTROLLER OA TENPB0°F,SUPPLY TEMP-I00°F 100 TO 250°F —
OUTSIDE-AR
TT-XX01 TEMPERATURE TRANSMITTER E— -30°70 +130°F —
TT-XX02 SYSTEM-SUPPLY S 100 TO 250°F S
TEMPERATURE TRANSMITTER
DUAL-TEMPERATURE SUPPLY -CHANGEQVER CV-19
CHANGEOVER VLV-XX02 VALVE — 3-15 PSIG CLOSE AGANST 10 PSIG
RE TURN-CHANGEQVER Cv-1
VLV-XX03 VALVE E— 3-15 PSIG CLOSE AGANST 10 PSIG
TSL-XXO!1 SYSTEM-RETURN N 30 TO 240°F CLOSE AT 85°F
CHANGEOVER THERMOSTAT OPEN AT 90°F
OCCUPIED CLK-XX01 NORMAL SCHEDULE OPEN: SAT. SUN
MODE CONTACT 365-DAY SCHEDULE _ CL%gg.Hggoa HRS. OPEN: AND LOLIDAYS

NOTE: OTHER CONTROL DEVICES SUCH AS IPS, RELAYS, AND SIGNAL SELECTORS ARE NOT SHOWN

Figure 4-11C. Equipment for central-plant high-temperature hot-water dual-temperature hydronic control system XX.
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QA TEMP I DUAL-TEMP
I TC-XX01 SUPPLY TC-XX02 |
| KNOCKOUTS
(TYPICAL)
[_IP-Xx21] | | 8| R U van AR ]
| BLANK NAMEPLATE A E—
(TYPICAL) ~
3
EP-XX01 -
o 0
@ O
SWITCH AND PILOT LIGHT LEGEND (REAR VIEW)
(FRONT VIEW) POSITION LEGEND DEVICE TYPE IDENTIFIER
. ILLUMNATED MAINTANED CONTAGCT HS-XX01
1= AJTO/AUTG OVERRIDE INTERLOCKED SWITGHES
. . ILLUMNATED MAINTANED CONTAGT HS-XX02
2 - ENABLE/OF INTERLOCKED SWITCHES
. ILLUMINATED MAINTANED CONTAGT HS-XX03
3 - HEATING/COOLING INTERLOCKED SWITCHES
4 - QCC PILOT LIGHT PL-XX01
5 - HEATING PILOT LIGHT PL-XX02
6 - COOLING PILOT LIGHT PL-XX03

Figure 4-11D. Control-panel interior-door layout for central-plant high-temperature hot-water dual-temperature hydronic control system XX.
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1-0 #"-20 21-30 31-40 41-50 51-60 61-70

TC-XX01 TC-XX02 SPACE SPACE SPACE SPACE SPACE
OUTSIDE-AR TEMPERATURE DUAL - TEMPERATURE
CONTROLLER TERMINAL BLOCKS SUPPL Y- TEMPERATURE
CONTOLLER TERMINAL
BLOCKS
3
&
71-80 B1-84 85-90 91-100 101-10 -120 121-130 = 133-140
5
SPACE CLK-XXO1 SPACE SPACE SPACE SPACE SPACE S SPACE
EMCS _
REPLACEMENT <2
TERMINAL ok
BLOCKS OF-
p4g =]
41-170 171-180 181-190 191-200 201-210
AC POWER-DISTRIBUTION TERMINAL BLOGKS AS REQUIRED DC POWER-DISTRIBUTION PUMP-XXXX STARTER-CONTROL SPACE SPARE

TERMINAL BLOCKS AS REQUIRED WIRING TERMINAL BLOCKS

Figure 4-11F. Terminal-block layout for central-plant high-temperature hot-water dual-temperature hydronic control system XX control panel.
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LOOP-CONTROL FUNCTION |  DEVICE NUMBER DEVICE FUNCTION SETPOINT RANGE ADDITIONAL PARAMETERS
A T e e VLV-XXO1 SYSTEM VALVE — 315 PSKG L AGANST 10 PSIG
: Rale  or
TC-XX01 THMPERATURE CONTROLLER PORPORTIONAL BAND-567. -30°T0 130°F i e
TC-XX02 TEMPERATURE CONTROLLER %$%WY%?%IF 100 T0 250°F —
TT-XX01 TOVPERATURE TRANSMITTER — -30°T0 +130°F S
TT-XX02 %saggﬂ%ﬁs&;msmmn — 100 10 250°F —
e Wz | RV oY - 318 PSG GOt acansT 10 Psic
VLV-XX03 VALVE | CTMCEOYER - 3-15 PS GLoSE AcANST 10 PSIG
TSL-Xxot SHANGEOVER” THERMOSTAT — 30 T0 240°F ggggﬁozg:éif
O aED LK xon 365-DAY SCHEDULE — CLﬁgg%:ézoéfg?g?té?gm RN AN
— iR e SR

NOTE: OTHER DEVICES SUCH AS IPS AND RELAYS ARE NOT SHOWN

Figure 4-12C. Equipment for single-building dual-temperature hydronic control system XX.
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QA TEMP DUAL-TEMP
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(TYPICAL)
[ IP-xxo1] [ ] | | | [
| BLAnk NavepLate  MAN L L
(TYPICAL) s
%
&
EP-XX01
|O Ol
@ = \
L }‘l
(FRONT VIEW) (REAR VIEW) L
SWITCH AND PILOT LIGHT LEGEND
POSITION LEGEND DEVICE TYPE IDENTIFIER
) ILLUMINATED MAINTANED-CONTACT HS-XX01
1= AUTO/AUTO OVERRIDE  \Neroi OCKED SWITCHES
) ILLUMINATED MAINTANED-CONTACT HS-XX02
Z - ENABLE/OFF INTERLOCKED SWITCHES
- ILLUMINATED MAINTAINED-CONTACT HS-XX03
3 - HEATING/COOLING INTERLOCKED SWITCHES
4 - 0CC PILOT LIGHT PL-XX01
5 - HEATING PILOT LIGHT PL-XX02
6 - COOLING PILOT LIGHT PL-XX03

Figure 4-12D. Control-panel interior-door layout for single-building dual-temperature hydronic system XX.
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10 #-20 21-30

31-40 41-50 51-60 61-70
TC-XXOt TC-XX02
ourse-A5 X 0berarure S SPACE SPACE SPACE SPACE SPAGE
CONTROLLER TERMINAL BLOCKS SUPPLY TEMPERATURE
CONTOLLER TERMINAL
BLOCKS
71-80 81-84 85-90 91-100 101-110 -120 121-130 131-132 133-140
L7
SPACE CL&XSO‘I SPACE SPACE SPACE SPACE SPACE g SPACE
REPLACEMENT g
TERMNAL of |
BLOCKS ?g
&
W1-170 171-180 181-190 191-200 201-210
AC POWER DISTRIBUTION TERMINAL BLOCKS AS REQUIRED DC POWER DISTRIBUTION PUMP-XXXX STARTER CONTROL SPACE SPARE

TERMINAL BLOCKS AS REQUIRED WIRING TERMINAL BLOCKS

Figure j-12F. Terminal-block layout for single-building dual-temperature hydronic system XX control panel.
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Figure 4-13A. Control-system schematic for heating-and-ventilating system XX.
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LOOP CONTROL FUNCTION | DEVICE NUMBER DEVICE FUNCTION SETPOINT RANGE ADDITIONAL PARAMETERS
SPACE TEMPERATURE DA-XX01. 02, 03 | DAMPER ACTUATOR _— 7-11 PSIG —_
SET MIN OA CFM EQUALS
MPS-XX01 MINIMUM-POSITION SWITCH —_— _— 3000 CFM
TSL—01 %%E%E¥ATURE PROTECTION 35°F
HEATING-COIL VALVE - 16 PSIC cv=t
VLV-XXO01 CLOSE AGAINST 20 PSIG
SET POINT =73°F SET MAXIMUN LIMITS
SPACE -TEMPERATURE
TC-XX01 PROP.BAND_=45. 7% o AVAILABLE TO UCCUPANT
CONTROLLER MAN. RESET =50% 50 T0 85°F BY TSP-XXO1 AT &6 TO T2°F
o | SoACE TR — 50 10 ' —
TEMPERATURE-SETPODINT 4ma=50°F -
TSP-XX01 DEVICES 20ma=85°F
SPACE LOW TEMPERATURE TSL-XX02 LOW-LIMIT SPACE- o o CLOSE AT 55°F
TEMPERATURE THERMOSTAT 55°F 5 F DIFFERENTIAL OPEN AT 60°F
OCCUPIED CLK-XX01 NORMAL SCHEDULE OPEN: SAT, SUN
365-DAY SCHEDULE _ CLOSED: 0705 HRS, OPEN:
MODE CONTACT 1700 HRS M.T,W.TH.F AND HOL[DAYS
VENT [LAT {ON-DELAY CLK=XX01 NORMAL SCHEDULE
365-DAY SCHEDULE — CLOSED: 0700 HRS. OPEN:
MODE CONTACT 0800 HRS M. T.WaTH.F

NOTE:OTHER CONTROL DEVICES SUCH AS IPS, RELAYS AND SIGNAL SELECTORS ARE NOT SHOWN
Figure 4-13C. Equipmer for heating-and-ventilating control system XX.
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EBBB.8 ° 8 E
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8888.8 ® ] o]
° o] |9]
o o 3 & B
SPACE TEMP l l |
TC-XX01
| KNOCKQOUTS
(TYPICAL)
[IP-Xx01 | [IP-XX02 | | L R | [ AN ar ]
MAN |
| BLANK NAMEPLATE AR "
(TYPICAL) S s
% %
d &
@ © |\
(FRONT VIEW) (REAR VIEW) LTO BULKHEAD FITTINGS
SWITCH AND PILOT LIGHT LEGEND
POSITION LEGEND DEVICE TYPE IDENTIFIER POSITION LEGEND DEVICE TYPE IDENTIFIER
1- RESET NON-ILLUMINATED MOMENTARY HS-XX02 8 - FILTER PILOT LIGHT PL-XX03
PUSHBUTTON SWITCH
. ILLUMINATED MAINTANED-CONTACT HS-XX01 7 - 0CC PILOT LIGHT PL-XXO01
2 - AUTO/AUTO OVERRIDE \ireo 0CKED SWITCHES S-XX0
. ILLUMINATED MAINTAINED-CONTACT HS-XX03 8 - VENT DELAY PILOT LIGHT PL-XX02
5 - ENABLE/OFF INTERLOCKED SWITCHES S
4 - LOW TEMP PILOT LIGHT PL-XX04
§ - SMOKE PILOT LIGHT PL-XX05
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Figure 4-13D. Interior-door layout for heating-and-ventilating system XX control panel.
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1-10 1-20 21-30

31-40 41-50 51-60 61-70
TC-XX01 SPACE PACE PACE SPACE SPACE SPACE
SPACE_TEMPERATURE * SPAC
CONTROLLER TERMINAL BLOCKS
o~
3 3 3 2
8 & 8 L2
71-80 81-84 o 91-94 97-100 101-104 105-110 "-120 121-130 133-140
1% (2]
Z ¥ x
SPACE CLK-XXO! 28| TsL-xxof SMK-XXO1, | DPS-XX01 SPACE SPACE SPACE as SPACE
ENCS g 723 M0 Ewcs | & | Sk-xx02 | AND EMCS za
REPLACEMENT| & [ 4| CONTACTS | & | AND EMCS | CONTACTS Of
TERMNAL | @ |W32 “ | CONTACTS | TERMINAL 4]
BLOCKS -3 TERMINAL BLOCKS §
g & BLOCKS =
141-170 171-180 181-190 191-200 201-210
AC POWER DISTRIBUTION TERMINAL BLOCKS AS REQUIRED DC POWER DISTRIBUTION SF-XXXX_STARTER CONTROL SPAGE SPARE
TERMINAL BLOCKS AS REQURED | WIRING TERMINAL BLOCKS

Figure 4-13F. Terminal-block layout for heating-and-ventilating system XX control panel.
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Figure 4-14A. Control-system schematic for multizone HVAC system XX.
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LOOP CONTROL FUNCTION | DEVICE NUMBER DEVICE FUNCTION SETPOINT RANGE ADDITIONAL PARAMETERS
MIXED AR TEMPERATURE | DA-XX01,02,03 | DAMPER ACTUATOR — 3-15 PSIC R
MPS-XX01 MINMOM POSITION SWITCH —_ - SET N O e QUAS
TC-XX0! E;‘,E?RQ{‘LELE"F’E“””RE 55°F 40 TO 140°F —
TT-XX01 'T‘:;‘E,?s.:ﬁfgg”"‘“”"“ —_ 40 TO 140°F —_—
TT-%X02 T T TEPERATURE — =30 TO +130°F —_
TT-XX03 kT o ENPERATURE — -30 T0 +130°F —
EC-XXO1 EconowiZER, %:(’)\EISNECBET;?EF -30 TO +130%F %QESE':EE \;\’/;%Zﬁ‘:/ﬁé b
TSL-XXO! Low . JEUPERATURE PROTECTION 35°F o o
SPACE LOW TEMPERATURE TSL-XX02 O i SeRvOSTAT 55°F 5 F DIFFERENTIAL CLOSE AT S5,
PR URE. VLV-XX01 COOLNG COL VALVE S 3-15 PSIC QY20 | ANST 20 PSKC
TC-XX02 ggLN?R%E%RTEMPERAME 57°F 40 TO 140°F —_—
TT-XX04 COLD OECK TEMPERATURE S— 40 TO 140°F S—
R VPERATURE VLV-XX02 HEATING COIL VALVE — 3-15 PSIG GLO%: AGANST 16 PSIG
o003 | Slmoder SA TEMp-g0wE St120° 40 10 10° —
TC-XX04 23;?,5’8&% TEWPERKTURE glg;;ORTIONM BAND+1257 -30 TO 130°F mmfa %%TTPPLLTT.-SSOOVQ
TT-XX05 *T'S,{NQ.E%ELE"PER“WE _— 40 TO 140°F _—_
o T psp— T e |
VENTLA e A SonTact 365 DAY SCHEDULE — CLoSED: 0760 FRS. OPEN:

0800 HRS M,TW THF

NOTE: OTHER CONTROL DEVICES SUCH AS IPS, RELAYS, AND SIGNAL SELECTORS ARE NOT SHOWN

Figure 4-14C. Equipment for multizone HVAC control system XX.
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2 3 4 8 4 3 2
1 2 3 5 * ’ 9 @ 7 s 5 3 2 1
Eoooa| [EE85.8)| |[EEeE s @ | ke |8 gk
[6E68.8]| |[BBBB.8]| |FAnn B g : g ol s BB
9
e e = I = d BE |8 8| |8 &E
[Be86.8]| |[EEEEE E E g qd B
[Bo0o.6)| |[BE86.8] - s ol lcI R
H |EEED 5 BE |8 B8
BLD-DECK TEMP) IHOT-DECK TEMP l
TC-XX02 TC-XX03
200 ) o
nn " \ Q
H % SEle=les
| BLANK NAMEPLATE
(TYPICAL) o g 5
i i i j
@ bk ; g
(FRONT VIEW) (REAR VIEW) L
SWITCH AND PILOT LIGHT LEGEND
POSITION LEGEND DEVICE TYPE IDENTIFIER POSITION LEGEND DEVICE TYPE IDENTIFIER
- RESET NON-ILLUMNATED NOWENTARY HS-XX02 6 - FILTER PILOT LIGHT PL-XX04
) ; 7 - ]
2 - AUTO/AUTO OVERRDE  ILLUMNATED MANTANED-CONTACT HS-XXO1 oce PILOT LIGHT PL-XX01
3 - ENABLE/OFF :h%%grgg&goM?M.{-élugg-CONTACT HS-XX03 8 - VENT DELAY PILOT LIGHT PL-XX02
4 - LOW TEMP PILOT LIGHT PL-XX05 9 - ECON PILOT LIGHT PL-XX03
5 - SMOKE PILOT LIGHT PL-XX06

Figure 4-14D. Control-panel interior-door layout for multizone HVAC system XX.

TO BULKHEAD FITTINGS
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1-10 11-20 21-30 31-40 41-50 51-60 61-70

EC-XXO1 TC-XX01 TC-XX02 TC-XX03 TC-XX04 SPACE SPACE
ECONOMIZER CONTROLLER MIXED AIR CONTROLLER COLD-DECK TEMPERATURE HOT-DECK TEMPERATURE QUTSIDE-AR TEMPERATURE
TERMINAL BLOCKS TERMINAL BLOCKS CONTROLLER TERMINAL BLOCKS CONTROLLER TERMINAL BLOCKS| CONTROLLER TERMINAL BLOCKS
8 9 3 3
8 5 2 5
71-80 81-84 © 91-94 97-100 101-104 105-110 111-120 121-124 125-130 133-140
)
Z X x
Q
SPACE Ck-xx01 |, [Z2S] Tst-xxor | . | SMk-xxo1, | OPS-XxOf SPACE SPACE EMCS SPACE 83 SPACE
EMCS Q |23 AND EMCS | @ | SMK-XX02 | AND EMCS ECONOMIZER =&
REPLACEMENT a 4| CONTACTS a AND EMCS CONTACTS MODE oy
TERMINAL = 3z « CONTACTS TERMINAL OVERRIDE o=
BLOCKS Q- z TERMINAL BLOCKS TERMINAL Z
@ ow BLOCKS BLOCKS [ri]
—
141-170 171-180 181-190 191-200 201-210
AC POWER DISTRIBUTION TERMINAL BLOCKS AS REQUIRED DC POWER DISTRIBUTION SF-XXXX_STARTER CONTROL RF-XXXX STARTER CONTROL SPARE
TERMINAL BLOCKS AS REQUIRED WIRING TERMINAL BLOCKS WIRING TERMINAL BLOCKS

Figure j-14F. Terminal-block layout for multizone HVAC system XX control panel.
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Figure 4-15A. Control-system schematic for dual-duct H VAC system XX.
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LOOP CONTROL FUNCTION |  DEVICE NUMBER DEVICE FUNCTION SETROINT RANGE ADDITIONAL PARAMETERS
MXED AR TEMPERATURE | DA-XX01,02,03 | DAMPER ACTUATOR — 3-15 PSIC —_
MPS-XXO1 MNIMUM-POSITION SWITCH _ N SET M OA CFU EQUALS
TC-XXO1 'ég‘,f?,}S'ELET,EMPERAmRE 55°F 40 TO 140°F —_
TT-XX01 T P ERATURE — 40 10 140°F —
TT-XX02 N TR TEMPERATURE — -30 T0 +30 ¥ —_—
TT-XX03 %%:{#%RTEMPERMWE — -30 T0 1130 ¥ —_—
PV CONTACT DEV CONTACT
EC-XXO! ECONOMZER CONTROLLER CLOSE AT 73%F -30 TO +130 ¥ CLOSE WHEN 4T-8 °F
OPEN AT 71t QPEN WHEN AT+5 °F
. LoW-TENPERATURE-PROTECTION 55 - __
SPACE LOW TEMPERATURE TSL-XX02 O A RMOSTAT 55°F 5°F DIFFERENTIAL A é’d".?
D O RE VLV-XXO1 COOLING-COIL VALVE _ 3-15 PSIG CLOSE AGaNEZ 20 PSIG
TC-XX02 e THPERATURE 57°F 40 10 140°F -
T-xx04 COLD-DUGT TEMPERATLRE - 40 T0 140% .
AR VLV-XX02 HEATING-COLL VALVE — 3-15 PSIG cLosE A2 o s
s | BRI | TEETESTER | 0 o o —
TC-XX04 CONTROLLER |1 CRATURE PROPORTIONAL BAND-1257 -30 10 130°F :T)l(m‘M ongng-?ggz
TT-XX05 ?gm%TTELEMPERATURE —_— 40 TO 140°F —_—
5P TR pp— — holmeieh |
VENTILATION-DELAY AR 365-DAY SCHEDULE — mggg?&“go:?ﬁ?ﬁ%w

NOTE: OTHER CONTROL DEVICES SUCH AS IPS, RELAYS, AND SIGNAL SELECTORS ARE NOT SHOWN

Figure 4-15C. Equipment for dual-duct HVAC control system XX.
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|BB868.8]| |[BEBA.8] EEEERS
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(6688.8]| |[BBEE.H]
[BB8B.6]| |{[BBHEA.H]

HOT-DUCT TEMP
TC-XX03

OLD-DUCT TEM
TC-XX02

| KNOCKOUTS
(TYPICAL)

N 7 A \\‘\,\,/ 4
[Lpe-xxer | [ 1p-xxa2 | [ 1p-xxez | [

B3 |LMNR]

(4 ]

[o]o][o]e[o]o]

IR

[o[o]cTo[o]a]
[o]o]o[e]o]o]

[e]o]oJo]o 0]

[o]oJo]o[o]o]

[o]o[o[o]a]a]
[ojo[o[o[o]e]

[o]o[oJo]o]o]

(o]o]o[a]o]0]

[o[o]eo]o]e]

[o]o]o[o]o]e]

[(o]o[o[o]o]o]
[o]o]o]o]o] o]

POOBE®

POSITION LEGEND
1- RESET
2 - AUTO/AUTO OVERRIDE
3 - ENABLE/OFF
4 - LOW TEMP

5 - SMOKE

FRONT VIEW

DEVICE TYPE

NON-ILLUMINATED MOMENTARY
PUSHBUTTON SWITCH

ILLUMINATED MAINTAINED CONTACT

INTERLOCKED SWITCHES

ILLUMINATED MAINTAINED CONTACT
INTERLOCKED SWITCHES

PILOT LIGHT

PILOT LIGHT

MAIN
| BLANK NAMEPLATE AR — i}
(TYPICAL) g g g
@
L
REAR VIEW TO BULKHEAD FITTINGS
SWITCH AND PILOT LIGHT LEGEND
IDENTIFIER POSITION LEGEND DEVICE TYPE IDENTIFIER
HS-XX02 6 - FILTER PILOT LIGHT PL-XX04
HS-XX01 7 - occ PILOT LIGHT PL-XX01
HS-XX03 8 - VENT DELAY PILOT LIGHT PL-XX02
PL-XX05 9 - ECON PILOT LIGHT PL-XX03
PL-XX06

Figure 4-15D. Control-panel interior-door layout for dual-duct HVAC system XX.
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Figure }-15E. Back-panel layout for dual-duct HVAC system XX control panel.
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1-10 11-20 21-30

31-40 41-50 51-60 61-70
ECO Eg-ééa}R LER R cont 0LD-D TC-T)&(A%Z ATURE HOT DUCFCT-E):(D)A(gERATLRE AT SPACE SPACE
MIXED-AR CONTROLLER COLD-DUCT ERATU - OQUTSIDE-AR TEMPERATURE
MAL BLOC% TERMINAL BLOCKS CONTROLLER TERMINAL BLOCKS | CONTROLLER TERMINAL BLOCKS | CONTROLLER TERMINAL BLOCKS
g 8 3 3
8 % 8 b
71-80 81-84 2 o 91-94 97-100 101-104 105-110 111-120 121-124 125-130 @ 133-140
x
SPACE CLK-XX01 'g&‘g’ TSL-XX01 SMK-XX01, DPS-XX01 SPACE SPACE EMCS SPACE gs SPACE
ENCS § ~3D| AND EMCS § SMK-XX02 | AND EMCS ECONOMIZER §d
REPLACEMENT & 2| CONTACTS | o AND EMCS | CONTACTS MODE D
TERMINAL w § z n CONTACTS | TERMINAL OVERRIDE §
BLOCKS = g TERMINAL BLOCKS TERMINAL 2
g oo BLOCKS BLOCKS w
1-170 171-180 181-190 191-200 20t-210
AC POWER-DISTRIBUTION TERMINAL BLOCKS AS REQUIRED DC POWER-DISTRIBUTION SF-XXXX_STARTER-CONTROL-

RF-XXXX STARTER-CONTROL- SPARE
TERMINAL BLOCKS AS REQUIRED WIRING TERMINAL BLOCKS WIRING TERMINAL BLOCKS

Figure 4-15F. Terminal-block layout for dual-duct HVAC system XX control panel.
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Figure 4-16A. Control-system schematic for bypass multizone HVAC system XX.
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LOOP CONTROL FUNCTION |  DEVICE NUMBER DEVICE FUNCTION SETPONT RANGE ADDITIONAL PARAME TERS
MXED-AR TEMPERATURE | DA-XXO1, 02,03 | DAMPER ACTUATOR —_ 3-15 PSIG —_
MPS-XX01 MINIMUM-POSITION SWITCH —_ —_— SET N O P EQUALS
TC-XXD1 o T MPERATURE 55°F 40 T0 10°F —
TT-XX0!1 oo TeR T CRATURE _ 40 TO 4O°F —_—
TT-XX02 O e TR TEMPERATLRE — -30 70 <130 ¥ —
TT-XX03 %%u{#%RTEMPERATmE —_— -30 TO +40 ¥ —_—
wmo | SRR EAm | e | smusidey
TSLxo1 LoW-TENPERATLRE PROTECTION 5o _ __
SPACE LOW TEMPERATURE TSL-XX02 O e o eMOSTAT 55°F S°F DIFFERENTIAL CLOSE AT S5 F
D e K A VLV-XX01 COOLING-COIL VALVE —_— 3-15 PSIG SVo20 \GANST 20 PSIG
TC-XX02 K | CMPERATLRE 57°F 40 TO 140°F —
TT-XX04 LD DECK TEMPERATURE — 40 TO 40°F _—
SPACE XXXX VLV-XXXX B VRVE I THESM(T)(S)T:EZOU()?PUT GlO%E AGANST 16 PSIC
DA-XKXX ZONE-DAVPER ACTUATOR — e A Ut —
T-XXXX ZONE THERMOSTAT oA — —
SPACE 2772 VLV-7227 ZONE-HEATING COIL VALVE —_— rHEosTAT oueu 1SYZ eaNST 16 PSIG
DA-2222 ZONE-DAMPER ACTUATOR — THEOS AT T —_
1-2222 ZONE  THERMOSTAT S8 b oA —_— —
HEE | By | weow seows — elThinne | waa
VENTILATION-DELAY Pratovs 365-DAY SCHEDULE — cLostor 0700 KRG, OPEN:

0800 HRS M.TW,THF

Figure 4-16C. Equipment for bypass multizone HVAC control system XX.
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Figure 4-16D.

Control-panel interior-door layout for bypass multizone HVAC control system XX.
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1-10 11-20 21-30 31-40 41-50

51-60 61-70
EC-XX01 TC-XX01 TC-XX02 SPACE SPACE SPACE SPACE
ECONOMIZER-CONTROLLER MIXED-AR CONTROLLER COLD DECK TEMPERATURE
TERMINAL BLOCKS TERMINAL BLOCKS CONTROLLER TERMINAL BLOCKS

o~
s 2 . 2
® ®© 3 b

71-80 81-84 o o 9 97-100 101-104 105-110 "-120 121-124 125-130 " 133-140
£ x x

—inS

SPACE CLK-XX01 F2S| TSL-XXOf w | SMK-XXQf, | DPS-XXO1 SPACE SPACE EMCS SPACE 88 SPACE
EMCS g |523| AND EMCS G | SMK-XX02 | AND EMCS ECONOMIZER s
REPLACEMENT| o |2 41 CONTACTS | a [ AND EMCS | CONTACTS MODE e
TERMINAL v |¥gz Y | CONTACTS | TERMINAL ' OVERRIDE §§
BLOCKS -3 TERMINAL BLOCKS TERMINAL z
[FT ) BLOCKS BLOCKS uj
@® - =

141-170 171-180 181-130 191-200 201-210
AC POWER-DISTRIBUTION TERMINAL BLOCKS AS REQUIRED DC POWER-DISTRIBUTION SF-XXXX_STARTER-CONTROL RF-XXXX_STARTER-CONTROL SPARE
TERMINAL BLOCKS AS REQUIRED WIRING TERMINAL BLOCKS WIRING TERMINAL BLOCKS

Figure 4-16F. Terminal-block layout for bypass multizone HVAC control system XX control panel.
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- I — (o:IERTURN CLOSED _/
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OPEN

X0 o1
' l I | |
86 69 76 79
SPACE TEMPERATURE
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NIGHT STAT
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[ S ]
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Figure 4-17A. Control-system schematic for VAV HVAC system XX without return fan.
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LOGP CONTROL FUNCTION

DEVICE NUMBER DEVICE FUNCTION SETPOINT RANGE ADDITIONAL PARAMETERS
MIXED-AR TEMPERATURE | DA-XX01, 02, 03 DAMPER ACTUATOR —_ 3-15 PSIG _
SET MIN OA CFM EQUALS
MPS-XXO1 MINIMUM-POSITION SWITCH —_— —_— 3000 CFM AT MAXIMUM
SUPPLY FAN TURN DOWN
M -AR TEMPERATUR
TC-XX01 cc)>(§$R0LLERE ERATURE 55°F 40°TO 140°F —_—
MIXED-AR TEMPERATUR o
TT-XX0!1 TRANSMITTER ¢ — 40°T0 140°F —
TSIDE- T
TT-XX02 ?H@?ﬁT’}JERTEMPERA URE -30 T0s +130 ¥ —
RETURN-Al RAT
TT-XX03 T%AHSEITTRERTEMPE URE — -30 T0 130 F _—
PV_CONTACT. DEV CONTACT
EC-XXO01 ECONOMIZER CONTROLLER CLOSE AT 73°F -30 TO +130 ¥ CLOSE WHEN AT-8 °F
OPEN AT 71F QPEN WHEN AT-6 °F
-TEMPERATURE PROTECTI
TSL-XX01 AT | RE PROTEC o 35°F — —
LOW-LIMIT SPACE- °
SPACE LOW TEMPERATURE TSL-XX02 <EMPERATURE THERMOSTAT 55°F 5°F DIFFERENTIAL LOSE N oop
DISCHARGE -AR .
TEMPERATURE VLV-XXO1 COOLING-COIL VALVE —_ 3-15 PSIG &Vogg AGANST 20 PSIG
TC-XX02 Eg’,ﬂ%ﬁf‘f@ﬁ“ TEMPERATURE 57°F 40°T0 140°F —_
TT-XX04 ﬁQNA&DSIaﬁ}}gGE TEMPERATURE 40°TO 140°F
SUPPLY-DUCT STATIC SUPPLY-FAN INLET VANE
PRESSURE DA-XX04 ACTUATOR — 3-15 PSIG —
UPPLY-DUCT STATI
PC-XX01 SRESSURE CONbTROLLCER 1.2 INCHES WATER 0.0-2.0 INCHES WATER _
PPLY-DUCT STATI
DPT-XX01 ggESéUR‘g TRANSMIT%ER e 0.0-2.0 INCHES WATER _
OCCUPIED CLK-XXO01 . NORMAL SCHEDULE OPEN: SAT, SUN
TACT 365-DAY SCHEDULE — CLOSED: 0705 HRS, OPEN: g
MODE CONTAC 1700 HRS M.T W THE AND HOLIDAYS
L ATION-DELAY K-XXO1 NORMAL SCHEDULE
VENTILATION.DEL vl 365-DAY SCHEDULE — CLOSED: 0700 HRS, OPEN:
0800 HRS M,T,W,TH.F
TERMINAL VLV -XXXX HEATING-COIL — —_— CV-0,7
UNITS VALVE-SPACE XXXY CLOSE AGANST 10PSIG
° ° ] ° °
. HEATING-COIL CVe1.2
VLV=XXYY CLOSE AGANST 10PSIG

VALVE-SPACE XXXY

NOTE:OTHER DEVICES SUCH AS IPS,RELAYS,SIGNAL SELECTORS,AND TERMINAL UNIT CONTROLLERS ARE NOT SHOWN

Figure 4-17C. Equipment for VAV HVAC system XX without return fan.
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EEERE
EEER:
HT+
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| KNOCKOUTS
(TYPICAL)

10

o

w~

r-xxgt | [ p-xxez | [ tp-xxas || b
MAIN
AR T
by N -
% S 2
E | e | H <
@ (@)
g
FRONT VIEW REAR VIEW Lro BULKHEAD FITTINGS
SWITCH AND PILOT LIGHT LEGEND
POSITION LEGEND DEVICE TYPE IDENTIFIER POSITION LEGEND DEVICE TYPE IDENTIFIER
. NON-ILLUMINATED MOMENTARY : 6 - SMOKE PILOT LIGHT -
1- RESET B LMTED MO HS-XX03 PL-XX08
. NON-ILLUMINATED MOMENTARY _ 7 - HIGH STATIC PILOT LIGHT -
2 - STATIC RESET N oo HS-XX02 PL-XX07
. JLLUMINATED MAINTAINED-CONTACT . 8 - FILTER PILOT LIGHT B
J - AUTO/AUTO OVERRIDE INTERLOCKED SWITCHES HS-XX01 PL-XX04
- ILLUMINATED MAINTAINED-CONTACT . 9 - 0CC PILOT LIGHT i}
4 - ENABLE/OFF bR a2 HS-XX04 PL-XX01
5 - LOW TEMP PILOT LIGHT PL-XX05 10 - VENT DELAY PILOT LIGHT PL-XX02
11 - ECON PILOT LIGHT PL-XXO3

Figure 4-17D.

Control-panel interior-door layout for VAV HVAC system XX without return fan.
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1-10 -20 ' 21-30 i 31-40 41-50 51-60
] i
t v
) EERC—><)<’81 TC-XX01 TC-XX02 I PC-¥XC1 ‘ SPACE : SPACE
ECONOMIZER-CONTROLLER | MIXED-AIR CONTROLLER SUPPLY-AR TEMPERATURE | SUPPLY-UUCT STATIC-PRESSURE | :
TERMINAL BLOCKS } TERMINAL BLOCKS CONTROLLER TERMINAL BLOCKS | CONTROLLER TERMINAL BLOTKS ‘
i i
& & -3 o
" ~ 0 =
«x o« <4 -
71-80 81-84 o 91-94 97-100 101-104 105-110 " 13-120 121-124 125-130
w
Zz X x
— Q
SPACE CLK-XXO1 'g‘ﬁé’ TSL-XX01 w | SMK-xxo1, DPS-XX01 SPACE  |SE2S SPACE EMCS SPACE
EMCS g 2B AND EMCS | @ | SMK-XX02 | AND EMCS §§m ECONOMIZER
REPLACEMENT| & S| CONTACTS | & AND EMCS | CONTACTS $Z2 MODE
TERMINAL HoZ “ | CONTACTS | TERMINAL a8z QVERRIDE
BLOCKS 2°3 TERMINAL BLOCKS z TERMINAL
e BLOCKS o BLOCKS
141-170 171-180 181-190 191-200
AC POWER-DISTRIBUTION TERMINAL BLOCKS AS REQUIRED 0C POWER-DISTRIBUTION SF-XXXX_ STARTER-CONTROL - SPACE
TERMINAL BLOCKS AS REQUIRED WIRING TERMINAL BLOCKS

Figure 4-17F. Control-panel terminal-block layout for VAV HVAC system XX without return fan.
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1
|
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1
:
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16,101 ‘ : CLOSED
E i
1
1
1
1
]

REHEAT VALV —/
OEEN ALVE

! | |
86 69 76 79
SPACE TEMPERATURE
DEGREES F

— e o A = e

NIGHT STAT
LOC IN: XXXX
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L S 4.0 W .
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Figure 4-18A. Control-system schematic for VAV H VAC system XX with return fan.
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LOOP CONTROL FUNCTION |  DEVICE NUMBER DEVICE FUNCTION SETROINT RANGE ADDITIONAL PARAMETERS
MIXED-AR TEMPERATURE | DA-XX0t, 02,03 DAMPER ACTUATOR —_— 3-15 PSIG —_—
SET WN OA CFM EQUALS
MPS-XXO! MINIMUM-POSITION SWITCH — —_ 3000 GFM AT MAXIMUN
SUPPLY FAN TURN DOWN
MIXED-AR TEMPERATUR .
TC-XXO! AR e MPE € 55°F 40 TO 4O S
TT-XXO1 '#,‘;‘55’5,3'?{5“9“””“5 . 40 TO WOF _—
TT-XX02 ?gINS'SD,E,#?RTEWERATURE —_— -30 TO +130°F e
Trovas | SR AR TEWPERATIRC — I —
PV_CONTACT_ DEV CONTACT
EC-XXO! ECONOMIZER CONTROLLER CLOSE AT 73°F -30 TO +130°F CLOSE WHEN AT=8 °F
OPEN AT 71F OPEN WHEN AT-B °F
TSL-X¥01 LOW- TEWPERATURE PROTECTION Ji
SPACE LOW TEMPERATURE TSL-XX02 o MOSTAT 55°F S F DIFFERENTIAL ose AT ooor
D Tt YLV-XX01 COOLING-COIL VALVE _ 3-15 PSIG SYSZ0 \GANST 20 PSIG
TC-XX02 E&.}%%EEQQGE TEMPERATURE 57°F 40 TO 140°F _
raos | PAGZSSURGE TEMPERATURE — w 10 wo'r _
SUPPLY-DUCT STATIC SUPALY-FAN INLET-VANE
PRESSURE DA-XX04 ACTUATOR — 3-15 PSIG —
PC-XXO! PRFSSURR - CONTROLLER 12 INCHES WATER 0.0-2.0 INCHES WATER —_
PLY-DUCT -
OPT-XX0! e iR — 0.0-2.0 INCHES WATER —
RETURN- RETURN-FAN INLET
FAN VOLUME DA-XX05 VANE ACTUATOR — 3-15 PSIG -
RETURN-FAN VOLUME SUPPLY FAN CFM
Fe-xxat CONTROLLER MINUS 3000 CFM 0-20,000 CFM
Y- -
FT-XX01 RN CT FLOW-RATE — 0-20,000 CFM —
oz | oL 4T on — —
OCCUPIED CLK-XX01 NORMAL SCHEDULE OPEN: SAT, SUN
365-DAY SCHEDULE _ ICLOSED: 0705 HRS, OPEN: i
MODE CONTACT O e F AND HOLIDAYS
VENTILATION-DELAY CLK-XX01 NORMAL SCHEDULE
365-DAY SCHEDULE —_ ICLOSED: 0700 HRS, OPEN:
NODE CONTACT 0800 HRS M.T.W.THF
TERMINAL VLY-XXXX HEATING-COIL - - Cv-0,7
UNITS VALVE-SPACE XXXY CLOSE AGANST 10PSIG
. ® ° ° .
HEATING-COIL —_ - V1.2
VLY=XXYY CLOSE AGANST 10PSIG

VALVE-SPACE XXXY

NOTE: OTHER CONTROL DEVICES SUCH

AS IPS, RELAYS, SIGNAL SELECTORS AND

Figure 4-18C. Equipment for VAV HVAC system XX with return fan.

TERMINAL UNIT CONTROLLERS ARE NOT SHOWN
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4 6 1 ] 3 4 3
[e] 6] [¢] o] o] [e B (6] e
EEEER:] EEEER:] EEER: E g g g E C g E E
HBB8H.H HBBH.8 8888 8 E E E E E s E E E
o I e e e B I e e e o [ 6| |8 B E| |8 & @
ECONOMIZER I [ MA TEMP I SA TEMP |
EC-XX01 TC-XX01 TC-XX02
g 6] [g] (o] [6] [e]
6868.4 6888.0 KNOCKOUTS g E E E E g
B8E88.8 883 .8 ~ (TYPICAL) o| [o] [¢ g | [l
B o] o] B o o]
o | s e ol ¢ Bl (B BB
| DUCT STATIC [ RA FLOW ‘ I
AC-XX01 FC-XX01
g l(/—X)l I(/\)J N TN
\1/ 1/ Qé?
[ 1p-xxet | [ tp-xxg2 | [ 1P-xxe3 | [ 1P-xxe4 | | ] [ wan AR |
MAIN
| BLANK NAMEPLATE AR — . -
(TYPICAL) 2 S g g
e |H & |-+ & |- .
@ O Ik ———q
FRONT VIEW REAR VIEW LTO BULKHEAD FITTINGS
SWITCH AND PILOT LIGHT LEGEND
POSITION LEGEND DEVICE TYPE IDENTIFIER POSITION LEGEND DEVICE TYPE {DENTIFIER
1- RESET NON-ILLUMINATED MOMENTARY HS-XX03 6 - SMOKE PILOT LIGHT PL-XX06
PUSHBUTTON SWITCH
. NON-ILLUMINATED MOMENTARY HS-XX02 7 - HIGH STATIC PILOT LIGHT PL-XX07
Z - STATIC RESET PUSH BUTTON SWITCH
. ILLUMINATED MANTAINED-CONTACT HS-XX01 B - FILTER PILOT LIGHT PL-XX04
3 - AUTO/AUTO OVERRDE e OCKED SWITCHES
. ILLUMINATED MAINTAINED-CONTACT HS-XX04 9 - ocC PILOT LIGHT PL-XX01
4 - ENABLE/OFF INTERLOCKED SWITCHES
5 - LOW TEMP PILOT LIGHT PL-XX05 10 - VENT DELAY PILOT LIGHT PL-XX02
11- ECON PILOT LIGHT PL-XXQ3

Figure 4-18D. Control-panel interior-door layout for VAV HVAC system XX with return fan.
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1-10 f1-20 21-30

31-40 41-50 51-60 61-70
£C-XX01 FC-XX01 TC-XX02 PC-XX01 TC-XX01 SPACE SPACE
ECONOMIZER-CONTROLLER RETURN-FAN VOLUME COOLING-COIL CONTROLLER SUPPLY-DUCT _STATIC-PRESSURE MIXED-ARR CONTROLLER
TERMINAL BLOCKS CONTROLLER TERMINAL BLOCKS TERMINAL BLOCKS CONTROLLER TERMINAL BLOCKS TERMINAL BLOCKS
3 8 $ g 2
8 8 = 5
71-80 81-84 91-94 97-100 101-104 105-10 113-120 121-124 125-130 133-140
g ¢ g e
SPACE CLK-XX0!1 23| TsL-xxof SMK-XX01, DPS-XX01 SPACE |39 SPACE EMCS SPACE 3 SPACE
EMCS ¢ gﬁc‘n‘ AND EMCS | & | SMK-XX02 | AND EMCS 23 ECONOMIZER ga
REPLACEMENT| & 2| CONTACTS | T AND EMCS | CONTACTS (;,'gg MODE jof
TERMINAL 9 |wez w CONTACTS | TERMINAL eSSz OVERRIDE RS
BLOCKS g°2 TERMINAL BLOCKS 2 TERMINAL T2
g o BLOCKS o BLOCKS [
141-170 171-180 181-190 191-200 201-210
AC POWER-DISTRIBUTION TERMINAL BLOCKS AS REQUIRED ‘ DC POWER-DISTRIBUTION SF-XXXX STARTER-CONTROL RF-XXXX STARTER-CONTROL SPARE
'TERMINAL BLOCKS AS REQUIRED WIRING TERMINAL BLOCKS WIRING TERMINAL BLOCKS

Figure 4-18F. Control-panel terminal-block layout for VAV HVAC system XX with return fan.
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12 13 14 15 3
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Figure 4-19A. Control-system schematic for single-zone HVAC control system XX.
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0800 HRS M.T.W.TH.F

LOOP CONTROL FUNCTION | DEVICE NUMBER DEVICE FUNCTION SETPOINT RANGE ADDITIONAL PARAMETERS
SPACE TEMPERATURE | DA-XXO1, 02. 03 | DAMPER ACTUATOR — 7-11 PSIG —_—
SET MIN OA CFM EQUALS
MPS-XXO! MINIMUM-POSITION SWITCH S S %000 CFM
Tt | TRARSMLTTER — -30 T0 +130°F —
RETURN-AIR ATUR
TTX02 | TRANSMITIER — =30 T0 #130°F —
PV_CONTACT DEV CONTACT _
EC-XX01 ECONOMIZER CONTROLLER CLOSE AT 73°F -30 TO +130°F CLOSE WHEN AT=12°F
OPEN AT T1°F OPEN WHEN AT=10°F
VLV-XX01 HEATING—COIL VALVE e 3-6 PSIG CL%!?%GAINST 15 PSIC
VLV-XX02 COOL ING-COIL VALVE e 12-15 PSIG CYeed \GAINST 20 PSIG
SPACE-TEMPERATURE SET POINT =73°F ° SET MAXIMUM L IMITS
TC-Xxo1 CONTROLLER PROP. BAND =45.T% 50 70 85 F AVA[LABLE TQ QCCUPANT BY
MANUAL RESET =50% TSP-XXD1 AT &6 T0 72
TT-xx04 eyl yn TURE — 50 T0 85°F —
TSP-XX01 TEMPERATURE -SETPOINT DEVICE 20"t ZSB%ZFF —_— S
LOW LIMIT SPACE .
SPACE LOW TEMPERATURE TSL-xxoz TEMPERATURE THERMOSTAT 55°F 5°F DIFFERENTIAL TEN AT G0°F
MIXED-AIR TEMPERATURE TSL-XXO01 O CRATURE -PROTECTION 35°F — —
OCCUP IED CLK-XX01 NORMAL SCHEDULE OPEN: SAT, SUN
365-DAY SCHEDULE —_ CLOSED: 0705 HRS. OPEN:
MODE CONTACT O 0108 RS P AND HOL [DAYS
- NORMAL SCHEDULE
VENTILAT LON-DELAY oot 365-DAY SCHEDULE S CLOSED: 0700 HRS. OPEN:

NOTE:OTHER CONTROL DEVICES SUCH AS IPS, RELAYS AND SIGNAL SELECTORS ARE NOT SHOWN

Figure 4-19C. Equipment for single-zone HVAC control system XX.
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ECONOMIZER SPACE TEMP
EC-XX01 TC-XX01

i s

7

[ 1P-x

xer | [ IPBZ I

|

| KNOCKOUTS
(TYPICAL)

- (TYPICAL)

FRONT VIEW

POSITION LEGEND

1 - RESET

2 - AUTO/AUTO OVERRIDE

3 - ENABLE/OQFF

4 - LOW TEMP

5 - SMOKE

DEVICE TYPE

NON-ILLUMINATED MOMENTARY
PUSH BUTTON SWITCH

ILLUMINATED MAINTAINED CONTACT
INTERLOCKED SWITCHES

ILLUMINATED MAINTAINED CONTACT
INTERLOCKED SWITCHES

PILOT LIGHT

PILOT LIGHT

Figure 4-19D.

BLANK NAMEPLATE

SWITCH AND PILOT LIGHT LEGEND

IDENTIFIER
HS-XX02
HS-XX01
HS-XX03
PL-XX05

PL-XX06

TO BULKHEAD FITTINGS

@ 8 4 3 :
9 5 3
[6] 6] (o]
s Bel (B OHE
B le| [o] (©] o] |9
S Bl B
B (o] o] o] [s] [o]
R
\T/
|
L EP-XXO1
S O] !%[_J;!ﬂ
e \ ——
i 7
REAR VIEW
POSITION LEGEND DEVICE TYPE IDENTIFIER
& - FILTER PILOT LIGHT PL-XX04
7 - OCC PILOT LIGHT PL-XXO0t
8 - VENT DELAY PILOT LIGHT PL-XX02
9 - ECON PILOT LIGHT PL-XX03

Control-panel interior-door layout for single-zone HVAC control system XX.
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110 11-20 21-30 31-40 41-50 51-60
EC-XXQ1 TC-XX01 SPACE SPACE SPACE SPACE
ECONOMIZER-CONTROLLER SPACE-TEMPERATURE
TERMINAL BLOCKS CONTROLLER TERMINAL BLOCKS
g 8 2
23 ~
@« @« L¢3
71-80 B1-84 o 91-94 97-100 101-104 105-110 =120 121-124 125-130
(%]
£ X
SPACE CLK-XX01 §E§ TSL-XXQ! |, | SMK-XX01, | DPS-XXQt SPACE SPACE EMCS SPACE
EMCS 3 |523| AND EMCS | § | SMK-XX02 | AND EMCS ECONOMIZER
REPLACEMENT| & (9=l CONTACTS | & | AND EMCS | CONTACTS MODE
TERMINAL v rSz ¢ | CONTACTS | TERMINAL OVERRIDE
BLOCKS 2“3 TERMINAL BLOCKS TERMINAL
oo BLOCKS BLOCKS
X
141-170 171-180 181-190 191-200
AC POWER-DISTRIBUTION TERMINAL BLOCKS AS REQUIRED DC POWER-DISTRIBUTION SF-XXXX STARTER-CONTROL SPARE

TERMINAL BLOCKS AS REQUIRED WIRING TERMINAL BLOCKS

Figure 4-19F. Terminal-block layout for single-zone HVAC control system XX control panel.
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Figure 4-20A. Control-system schematic for dual-temperature-coil single-zone HVAC control system XX.
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CHANGE LEVEL

CLOSE AT 50°F

LOOP CONTROL FUNCTION | DEVICE NUMBER DEVICE FUNCTION SETPOINT RANGE ADDITIONAL PARAMETERS
SPACE TEMPERATURE DA-XXO1. 02. 03 | DAMPER ACTUATOR —_— 10-15 PSIG _
SET MIN OA CFM EQUALS
MPS-XX01 MINIMUM-POSITION SWITCH —_ —_ 3000 CFM
TT-XX01 ?‘,{Iﬁéﬁ%}#és TEMPERATURE —_— -30 TO +130°F —
TURN-AIR TEMPERATUR
TT-XX02 ?gAﬂSMIﬂ[’ER EWPERATURE _— -30 TO +130°F —_—
PV CONTACT DEV CONTACT _
EC-XXO01 ECONOMIZER CONTROLLER CLOSE AT 73°F -30 TO +130°F CLOSE WHEN AT= 8°F
OPEN AT T1°F OPEN WHEN AT=6°F
CV = 20
VLV-XX01 DUAL-TEMPERATURE COIL VALVE —_— 36 PSIG CLOSE AGAINST 20 PSIG
SPACE-TEMPERATURE SET POINT =13°F o SET MAXIMUM LIMITS
TC-XX01 PROP BAND =45.T% 50 TO 85°F AVAILABLE TO OCCUPANT BY
COOLING CONTROLLER MANUAL RESET =507 TSP-XX01 AT 76 TQ 81°F
L]
SPACE-TEMPERATURE SET POINT =73°F o SET MAXIMUM LIMITS
TC-XX02 PROP BAND =45.7% 50 TO 85°F AVAILABLE TO OQCCUPANT BY
HEATING CONTROLLER MANUAL RESET =50% TSP-XX01 AT 66 TQ T1°F
SPACE-TEMPERATURE
TT-XX04 TRANSMITTER S 50 TO 85°F e
_ _ 4 MA = 50°F
TSP-XX01 TEMPERATURE-SETPOINT DEVICE 20 Mh = 5°F
LOW-LIMT SPACE- . s
SPACE LOW TEMPERATURE TSL-XX02 TEMPERATURE THERMOSTAT 55°F 5°F DIFFERENT [AL Qs N &5f
MIXED -AIR TEMPERATURE TSL-XXO1 Y S ATURE -PROTECTION 35%F — —
OCCUPIED CLK-XX01 NORMAL SCHEDULE OPEN: SAT, SUN
365-DAY SCHEDULE e CLOSED: 0705 HRS, OPEN:
MODE CONTACT O s MR e AND HOLIDAYS
_ NORMAL SCHEDULE
VENTILAT [ON-DELAY Kyl 365-DAY SCHEDULE —_— CLOSED: 0700 HRSs OPEN:
0800 HRS M.T.W,TH,F
HEATING/COOL ING TS-XX01 AQUASTAT OPEN AT 60°F 10°F DIFFERENTIAL —

NOTE:OTHER CONTROL DEVICES SUCH AS IPS, RELAYS AND SIGNAL SELECTORS ARE NOT SHOWN

Figure 4-20C. Equipment for dual-temperature-coil single-zone HVAC control system XX.
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ECONQMIZER SPACE TEMP l SPACE TEMP
EC-XX01 TC-XX01 TC-XX02

FRONT VIEW
POSITION LEGEND DEVICE TYPE
{ - RESET NON-ILLUMINATED MOMENTARY

PUSHBUTTON SWITCH

) ILLUMINATED MANTANED-CONTACT
Z - AUTO/AUTO OVERRIDE  \ieepi OCKED SWITCHES

- ENABLE/OFF ILLUMINATED MAINTAINED-CONTACT
3 - ENRBLE/Q INTERLOCKED SWITCHES

4 - LOW TEMP PILOT LIGHT

5 - SMOKE PILOT LIGHT

@ @ 10 8 ; 6 4 k] 2 1
1 9 5 3 2
§ mEl B BE (8 EFHE
o o Bl (B B E||E R E
ol cRcIEcENCcRC IR CHE
5 B B (e R OE| O |E B
o BB [ R | R
4 BB | EE (B BB
| KNOCKOUTS
(TYPICAL)
(OH (O E@Eao
\g/ 1 1/
BLANK NAMEPLATE g : g g
- (TYPICAL) | & . < <
L‘EP-XX01_" -
O O
v C\ —
@ ©
SWITCH AND PILOT LIGHT LEGEND REAR VIEW
IDENTIFIER POSITION LEGEND DEVICE TYPE IDENTIFIER
HS-XX02 6 - FILTER PILOT LIGHT PL-XX04
HS-XX01 7 - QCC PILOT LIGHT PL-XX01
HS-XX03 8 - VENT DELAY PILOT LIGHT PL-XX02
PL-XX05 9 - ECON PILOT LIGHT PL-XX03
PL-XX06 10 - HEATING PILOT LIGHT PL-XX07
11 - COOLING PILOT LIGHT PL-XX08

Figure 4-20D. Control-panel interior-door layout for dual-temperature-coil single-zone HVAC control system XX.

150

TO BULKHEAD FITTINGS



T-------------oooo ?;
| 5
T &
C-___-__---------IZZtZ=% - - |
I SIS CCo-IZZzZzIs :
I — a §
o iiiiao-- soZZZzooo: Gm = R I Q
- ZIZooozsozzo:o:o - ’
S R —— ] ED—” le 3 :: I :
= 7 | ! | — 202 B N
S e T : |
ﬂ____u AT | :l ” | i S oo S
il ” " “ I 1] " | Ry
i I " ” I 1] -5
1§ il il 1 i ' | | I m
| | P L P s
I ' I I |
it 0 It 1] ] 1l o ! " “ I N
1] Il I o I " l |
n n i H o n i < : :: | : %
| I l : “ ”
ol|lo] | it :: li rd b ” - l " ) | l O
‘_ : | " —— — i | s
p X-Y o :: i W :: i ” | " _ I
o[ L1OX oie fu " = i I 5 I n 3 : :: . . | : %
1l i I I gt e ; : |
1 I “ : : I
= | I2 N ;o 2ol X [ |l | S
: — et it Q I 1l ha It N = 1 t — ® F |u ! m
[4 o n f > i {{ T i i < | :: o : : | : |
1 g I
TT : 11 ] :: 8 n 1 = It :: = I : : : : _OIT‘ :' ' g
@ (N " T " 1 — 1] N | ': o] ° ” : o
I I = " 1] M~ It i v | ! 0 ” N
@ 1] I H 1] I W pd ! ! ” . Q)
I I — 1l I N I ] O I i ” I N
1] I 1 1] s I | O | " - “ ' o)
g =g : o 3
1 It prd ! g " ” “ |
| i | = < I " ‘
o ” - ! ! < i i o ' " i { =
| ” S ” i 3 I 1 ] ! u i ! o
f 1l (_<) f " 3 i ; | :: | : g ?
l I
® 1 ” @] I It — :: :: <_(J ' “ ” I Lu E
o i 1 tt I 1 . It I =z | " H | . 3
1] I I I <[ t " = t W ” | ; N
n i 7 N l = i j E | | 3 : |
I =z
@y :: pd " I = :: ” e ' " {: I ! g.‘
ol ” z :: i & n 1 L ' f i - ~ = % g
it l z : | ”
i @ I N I I : | I u: |
1t :: L I i = 1 ” % I : | I \I H |
of [0 " — H ] xr " ] e ! " ” ‘ \'
| a P b - 5
I | I ‘
] 1] :: 4 i ;| Lo :| :: W ' : :l I hd
i n O 1} 1] I ! . ' " | l
1] " L :: i [_5 i j (I\j : :: | : é
ol o " L i t ~ i n ) | : : L\
@y I o 1 I ' n " : : | ' 3
n n (&) n n <t n i wi ! u | l O
| \——— E— n It t " 1] ] 1l o ! u “ ' &
EDEE e : - i W% : ! iy g
I r 1 l 2 | :( N
P - 1] Lt 1 " ” g | " “ '
| [B0XXY] 1go " i @ n n 3 ': “ 3 | :: ’ ?)
I : 1
. : :: 2 h " o n I o i i i =g S
ole| | I Q n 1 f :: — } ” ” : E/nr g
L 1l | l
= ) ; i i e f I f i N i -
» It i @) n i = i i E:_l ; f “ :8 :I §
-3
< i i i Il i 1 t i e ! “ | : QQ
: " : “ " 5 g it & ) 1 I o
1] 0 Il N L u I o ' i ” I ” .
" ” - “ “ & i i ! 1 I Vo =
1" it b :: H r " “ : :: | : | c
i " 4 i b i i . ” A | Qﬁ
" i :: [ n " ‘ : :: | : | \*
:' :: “ :: :: :: —’P‘-“ \ 1] ] 1l N
U " U I g 1l . - ! | t
i i I I B I “ ses I “ @
i n I [ ) I I ) ! i 9
: : T | 1 > e 1 h .o ! i 3 <
i al 1 M X I ” : : ' =
" n °:: :: i ':: I n o e ] : =
s =g = - =
I s - L
i it sos | | ses “ =g
1 z=oil = ol = ol
' o o | e =
:I | o o S-I-sZo-zZzzzzo:z
| o L Foc--==-==--=-=

151



1-10 11-20 21-30

31-40 41-50 51-60 61-70
EC-XXO1 -XXQ1 TC-XX02 SPACE SPACE SPACE SPACE
ECONOMIZER CONTROLLER HEATING SPACE-TEMPERATURE | COOLING SPACE-TEMPERATURE
TERMINAL BLOCKS CONTROLLER TERMINAL BLOCKS | CONTROLLER TERMINAL BLOCKS
g 8 8 2
@ » £y )
71-80 81-84 o 91-94 97-100 101-104 105-110 11-120 121-124 125-130 133-140
173 w
Zz x x
SPACE CLK-XX01 w g."_’§ TSL-XX01 w | SMK-xxof, DPS-XXQt SPACE SPAGE EMCS SPACE g§ SPACE
EMCS ¢ [C2&) ADEMCS | & SMK-XX02 | AND EMCS ECONOMIZER x@
REPLACEMENT| & || CONTACTS | & | AND EMCS | CONTACTS MODE O
TERMINAL 9 oegZ © | CONTACTS | TERMINAL ‘ QVERRIDE Nz
BLOCKS She- TERMINAL BLOCKS TERMINAL 2
W BLOCKS BLOCKS L
141-170 171-180 181-190 191-200 201-210
AC POWER-DISTRIBUTION TERMINAL BLOGKS AS REQUIRED DG POWER-DISTRIBUTION SF-XXXX STARTER-CONTROL SPARE
TERMINAL BLOTKS AS REQUIRED WIRING TERMINAL BLOCKS SPARE

Figure 4-20F. Terminal-block layout for dual-temperature-coil single-zone HVAC control system XX control panel.
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Figure 4-21A. Control-system schematic for single-zone HVAC system XX with humidity control.
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LOOP CONTROL FUNCTION |  DEVICE NUMBER DEVICE FUNCTION SETPOINT RANGE ADDITIONAL PARAMETERS
OUTSIDE AR DA-XXO1 DAMPER ACTUATOR S SPRING RANGE e —
TENPERATURE VLV-XX01 C’;ECEAT-COK — 3-15 PSIG SLOS AGANST 15 PSIG

TC-XX01 Lol TEMPERATURE 45°F 40 T0 140°F —_
0| TRaSTTER — 40 T 140°F —

MIXED-AR TEMPERATURE TSL-XXO01 %3@;&5@?5?AT“RE'PROTEC”ON 35°F —_— O

SPACE LOW TEMPERATURE TSL-XX02 AT e CMOSTAT 55°F 5°F DIFFERENTIAL CLOSE AT S5F

SPACE TEMPERATURE VLV-XX03 REHEAT-COIL VALVE — 3-8 PSIG CVoES JGANST 15 PSIG
TC-XX02 R ol MPERATURE 73°F 50 TO 85°F —
TT-XX02 A I ERATURE — 50 TO 85'F —
VLV-XX02 COOLING-COIL VALVE — 10-15 PSIG SYoE GANST 20 PSIG
RELATIVE HUMIDITY VLV-XX04 HUMDIFIER VALVE — 10-15 PSIG E‘Lj(')gE AGANST 10 PSIG
T o o 10 o —
RHT-XX01, 02 RS T DITY — 0 TO 1007 RH —
RHC-XX02 Y OLLER 507 RH 0 TO 100/ RH —
HYDRONIC HEATING RD-4-21D CONVERTOR VALVE —_— 3-15 PSIG S oaE AGANST 10 PSIG
TC-XX03 TEWPERATURE. CONTROLLER 200°F 100 TO 250°F —
TIX05 | VEVRERATURE TRANSMITTER — 100 10 250°F —
T O
VENTILAT N ELAY prsaged 365-DAY SCHEDULE — CLOSED: 0700 FRS, DPEN:

0800 HRS M. T.W,THF

NOTE: OTHER CONTROL DEVICES SUCH AS IPS,

RELAYS, AND SIGNAL SELECTORS ARE NOT SHOWN

Figure 4-21C. Equipment for single-zone HVAC system XX with humidity control.
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Figure 4-21D. Control-panel interior-door layout for single-zone HVAC system XX with humidity control.
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1-10 11-20 21-30 31-40 41-50 : 51-60
TC-XX01 TC-XX02 TC-XX03 RHC-XX0! ‘ RHC-XX02 SPACE
QUTSIDE-AR PREHEATER SPACE - TEMPERATURE | HEATING-SUPPLY - TEMPERATURE DUCT RELATIVE-HUMIDITY | SPACE RELATIVE-HUMDITY
TEMPERATUIRE CONTROLLER CONTROLLER TERMINAL BLOCKS! CONTROLLER TERMINAL BLOCKS | CONTROLLER TERMINAL BLOCKS ‘ CONTROLLER TERMINAL BLOCKS |
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Ira} ~ W
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EMCS Q ;%n AND EMCS 2 SMK-XX02 AND EMCS | AND EMCS
REPLACEMENT! a |"'= 3! CONTACTS | & | AND EMCS | CONTACTS |CONTACTS
TERMINAL ” L5z © | CONTACTS | TERMINAL | TERMINAL
BLOCKS -3 TERMINAL BLOCKS BLOCKS
O w BLOCKS
@& ~
141-170 171-180 181-190 191-200
AC POWER-DISTRIBUTION TERMINAL BLOCKS AS REQUIRED DC POWER-DISTRIBUTION SF-XXXX_STARTER-CONTROL | PUMP-XXXX STARTER-CONTROL
TERMINAL BLOCKS AS REQUIRED WIRING TERMINAL BLOCKS WIRING TERMINAL BLOCKS

Figure 4-21F. Control-panel terminal-block layout for single-zone HVAC system XX with humidity control.

131-132

TSL-XX02
TERMINAL BLOCKS

61-70

SPACE

133-140

SPACE

201-210

SPARE



RELIEF {. —
AR <: (}’NC

COOLING
STAGES
CYCLED

OA DAMPER
MINIMUM
POSITION
QA DAMPER
CLOSED

HEATING COIL
VALVE CLOSED

HEATING COIL
VALVE OPEN

RETURN
AIR

XX
0 15,101

1
1

(T T O O A
456789
MA

63 69 77 81

SPACE TEMPERATURE-DEGREES F
VENTILATION DELAY

10 11 12 13 1415 16 17 18 19 20

COOLING
STAGES
CYCLED

QA DAMPER
OPEN

OA DAMPER
MINIMUM
POSITION

OA DAMPER
CLOSED
HEATING COIL
VALVE CLOSED

HEATING COIL
VALVE OPEN

MA

I I |

65 69 77

10 11 12 13 1415 16 17 18 19 20

81

SPACE TEMPERATURE-DEGREES F

ECONOMIZER ON

€]
S
WV
Qooé"
AL
N S
COOLING 1!
STAGES |
CYCLED 3
2/6
4 S,
T ‘o°/Z»%
23
OA DAMPER
MINIMOM
PQSITION
OA DAMPER |
CLOSED
HEATING COIL
VALVE CLOSED
HEATING COIL
VALVE OPEN

L
456 78 910112131415 1617 18 1920

MA

65 69

77 81

SPACE TEMPERATURE-DEGREES F
ECONOMIZER OFF

Figure 4-22A. Control-system schematic for DX-coil single-zone HVAC system XX.
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LOOP CONTROL FUNCTION | DEVICE NUMBER DEVICE FUNCTION SETPOINT RANGE ADDITIONAL PARAMETERS
SPACE TEMPERATURE | DA-XX01. 02. 03 | DAMPER ACTUATOR —_ 10 T0 15 MA S
MPS-XXQ1 MINIMUM-POS{TION SWITCH — —_— SET MIN 08 CCF,!‘MEQUA"S
g | SULSABE-AIR TEWPERATURE - - _
RETURN-AIR RAT o
TT-XX02 T%Agsu”%ERTEMPE URE _— -30 TO #130°F
ECONOMIZER PV CONTACT DEV_CONTACT
EC-XX01 CONTROLLER CLOSE AT T3°F -30 TO +130°F CLOSE WHEN AT= 8°F
OPEN AT T1°F OPEN WHEN AT= 6°F
- . - cv=12
VLV-XX01 HEATING-COIL VALVE 4708 MA CLOSE AGAINST 15 PSIG
STAGE 1 ON = 18mA
SQCR-XXO1 COOL ING-COIL SEQUENCER —_— STAGE 2 ON = 19mA OFF = ON - 2MA
STAGE 3 ON = 20mA
SET POINT=(3°F SET MAXIMUM LIMITS
SPACE-TEMPERATURE
_ PROP BAND = 45.7 AVAILABLE TO OCCUPANT
TC-XX01 CONTROLLER R DAND £ 45. 1%, BY TSP-XXO1 AT 66 10 72°F
SPACE-TEMPERATURE 4 MA = 50°F
TT-XX03 TRANSM[ TTER 20 MA = 85°F 50 10 85°F —_—
4 MA = 50°F
TSP-XX01 TEMPERATURE -SETPOINT DEVICE 20 MA = 85°F —_— —
W-LIMIT SPACE- °
SPACE LOW TEMPERATURE TSL-XX02 O R HERMOSTAT 55°F 5°F DIFFERENTIAL s Y cooF
LOW-TEMPERATURE -PROTECTION o
MIXED-AIR TEMPERATURE TSL-XX01 THERMOSTAT 35°F
OCCUPIED CLK-XXQ1 NORMAL SCHEDULE OPEN: SAT. SUN
365-DAY SCHEDULE _ CLOSED: Q705 HRS. OPEN:
MODE CONTACT OSED: 0105 HRS. OFE AND HOL [DAYS
- - NORMAL SCHEDULE
VENTILALION-DELAY P 365-DAY SCHEDULE — CLOSED: 0700 HRS» OPEN:

0800 HRS M. T.W.TH.F

NOTE: OTHER CONTROL DEVICES SUCH AS RELAYS AND SIGNAL SELECTORS ARE NOT SHOWN

Figure 4-22C. Equipment for DX-coil single-zone HVAC system XX.
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Figure 4-22D. Control-panel interior-door layout for DX-coil single-zone HVAC system XX.
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1-10 11-20 21-30 31-40 41-50 51-60 61-70

C-XX01 TG-XX01 SPA P A P A P A
ECONOMZER-GONIROLLER  |SPACE- TEMPERATURE. FONTROLLER CE SPACE SPACE SPACE SPACE
TERMINAL BLOCKS TERMINAL BLOCKS
8 g 8 2
2 a L)
71-80 81-84 © 91-94 97-100 101-104 105-10 11-120 121-124 125-130 133-140
< x e
(5] |5
SQCR-XX04 CLK-XXO! ZL3| TSL-xxof SMK-XX01, | DPS-XXOt SPACE SPACE EMCS SPACE 8O SPACE
TERMINAL BLOCKS EMCS g §265 AND EMCS | & | SMK-XX02 | AND EMCS ECONOMIZER ga
REPLACEMENT| & |75, CONTACTS | & | AND EMCS | CONTACTS MODE of)
TERMNAL | @ [WSZ @ | CONTACTS | TERMINAL OVERRIDE @
BLOCKS 2“3 TERMINAL BLOCKS TERMINAL "g
& BLOCKS BLOCKS &
141-170 171-180 181-190 191-200 201-210
AC POWER-DISTRIBUTION TERMINAL BLOCKS AS REQUIRED 0C POWER-DISTRIBUTION SF-XXXX STARTER-CONTROL SPACE SPARE

TERMINAL BLOCKS AS REQUIRED WIRING TERMINAL BLOCKS

Figure 4-22F. Terminal-block layout for DX-coil single-zone HVAC system XX control panel.
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Chapter 5

Control-System Design Variations

5-1. General

The control systems shown in chapter 4 will be modified
when required to account for HVAC-system equipment
variations. The variations covered in this chapter are as
follows:

a. 100-percent outside-air systems.
b. Control of exhaust fans.

c. Smoke dampers.

d. Variable-speed drives.

e. Steam-preheat coil with face-and-bypass dampers.

f. Modulating hot-water or hot-glycol preheat coil.

g. Combining hydronic-control systems and air-control
systemsin the same HVAC-control panel.

h.  Unoccupied-mode space-temperature setback con-
trol for terminal units.

i. Two-way shut-off valves on fan-coil units.

j. EMCS-initiated building-purge and recirculation
modes.

k. Smoke control and freeze protection.

|. Control systems without economizer modes.

m. Dual steam valves.

5-2. Control-system variations for 100-percent
outside air (continuous operation)

a. HVAC systemsthat introduce 100-percent outside
air are used as air-makeup systems when large quantities
of air are exhausted from the space. Such systems are used
in the heating and cooling of such spaces as hospital
operating rooms and laboratories, which cannot recirculate
air from the space through the system. Spaces that cannot
usereturn air will usually have more air exhausted than is
supplied, to insure that the spaceis at a negative pressure
with respect to surrounding spaces. This may be
accomplished by an exhaust fan interlocked with the
supply fan.

b. A 100-percent outside-air system does not require
the economizer-changeover and mixed-air-temperature
control loops, but does require an outside-air preheater coil
and associated temperature-control loop in most climates.

c. The 100-percent outside-air system may need a
humidifier and its control loop. Thisloop would function
identically as discussed in paragraph 3-8 and shown in
figure 3-12.

d. Figure5-1 showsthe variationsthat would occur for
a100-percent outside-air unit. The outside-air preheat coil
may be aheat-recovery coil, which may be part of aglycol
run-around system that recovers heat in the air from one or
more exhaust fans. The heating coil will not be part of the
recovery system. The system shown in figure 5-1 has a
temperature/humidity control sequence as described in
chapter 4. If the system has a heat-recovery coil, some
additional controls may be required if they are not part of
a total heat-recovery package. The exhaust fan is shown
with a pneumatic damper actuator. Device EP-XX02 is
shown as field-mounted, but it may be located in aloca

fan starter or may be included in the HVAC control pand.
The designer will make this choice.

e. Theladder diagram variations for the 100-percent
outside-air system are shown in figure 5-2, which is similar
to figure 4-21B, but modified to delete the relay and pilot
lights associated with the ventilation-delay mode and with
the system stops during the unoccupied mode. A smoke
detector isrequired in the supply-fan discharge. Figure 5-2
shows an exhaust-fan section of the ladder diagram on
lines 300 through 303. Each interlocked exhaust fan
requires a contact of R-XX02 for safety shutdown and a
remote safety override, located at assigned terminal blocks
inthe HVAC control pand.

5-3. Control-system variations for exhaust fans

a Schematic variations for an exhaust fan are shown
in figure 5-3, for eectric and pneumatic actuators. Sole-
noid 3-way air valve EP-XX02 and damper actuator DA-
XX02 will be energized to open their respective dampers
when their respective fans start. These devices will be
powered from a source other than the starter transformer,
such asthe HVAC control panel.

b. Ladder-diagram variations for exhaust fans are
shown in figure 5-4. These variations are somewhat differ-
ent from the exhaust-fan interlock shown in figure 5-2,
which areintended for exhaust fans that are interlocked to
HVAC systems handling return air. One exhaust-fan
example is shown with a pneumatic damper operator, for
guidance in applying pneumatic actuators to shutoff
dampers. No positive positioner is required for the actu-
ator. In this example, the fan is off and the dampers are
closed in the unoccupied and ventilation-delay mode.
Another example is shown with an electric damper actu-
ator, for guidance in applying electric actuators to shutoff
dampers. Inthis example, the dampers are open whenever
the supply fan runs. The designer will add relaysin parall€
with R-XXO0I, R-XX03, and R-XX11, as required to
accommodate contacts to control additional exhaust fans.
The designer will show contact and coil references on the
schematic and the ladder diagram for the additional relays.

c. Thedesigner will check the exhaust-fan selection for
the rated shutoff static pressure to determine whether a
damper end switch should be applied to the control of the
exhaust-fan starter circuit. If the shutoff static pressure is
1 inch of water column or higher, the designer will
incorporate an end switch in the design as described later
in this manual under variations for smoke dampers.

5-4. Control-system variations for smoke
dampers

a. Smoke dampers can be used with any HVAC air-
delivery system, but generaly the smoke dampers are
required only when the HVAC unit exceeds a given air
capacity. An example of the use of smoke dampers is
shownin figure 5-5. Actuators DA-XX04 and DA-XX05
will be powered from some source other than the fan-
starter holding-coil transformer, such as the HVAC control
pand. The contacts of relays R-XX 13 and R-XX14 both
must be closed to allow any smoke dampers to open.

b. Figure 5-6 shows the ladder-diagram variations for

smoke dampers. When relay-coil R-XX13 on line 105 is
energized, contacts in the power circuitsto DA-XX04 and
DA-XX05 are closed. Similarly, when relay-coil R-XX14
on line 205 is energized, contacts in these same circuits are
closed. When both relays are energized, actuators DA-
XX04 and DA-XXO05 open their respective smoke
dampers. When the smoke dampers open, end switches
ES-XX01 and ES-XX02 close their contacts on line 20 to
energize ray-coil R—XX12. When relay-coil R-XX12is
energized, contacts on lines 104 and 204 close, to alow
starter-holding coils M01 and MO02 to energize and start
the fans. Tripping either end switch will shut down both
fans. Relay coils R-XX11 and R-XX12 are the only
devices that will be powered from the starter-holding-coil
transformers. The relays must be wired through the
overload relay contacts and must be powered in the
“HAND” and “AUTQO” positions of the “HAND-OFF-
AUTO” switch; they also must be powered in the event
that the remote-safety-override circuit is closed. Both
dampers must open before either fan can start, and each
must close when its respective fan is stopped.

c. Thedesigner will modify HVAC control-panel layouts
to show the relays and terminal blocks associated with
these variations.

5-5. Control-system variations for variable-
speed drives

a. Figure5-7 showsvarigble-speed drivesin lieu of the
supply and return-fan inlet vanes. Relay contacts in the
supply-duct static-pressure control loop and the return-fan-
volume contral loop, which open on supply-fan shutdown,
are not necessary because there are no inlet vanes.

b. Thevariable-speed drive must accept a4 to 20 mil-
liamperes signal as an inpuit.

c. Figure 5-8 showsthe ladder-diagram variations for
variable-speed drives. It shows connections to the variable-
speed-drive contral circuitsin lines 100 and up and in lines
200 and up. There is no magnetic starter in this case,
because al starter functions are provided by the variable-
speed-drive controller.

d. Figure 5-9 shows variable-speed drives in lieu of
actuators for theinlet vanes.

e. Figure 5-10 shows the variations in the control-
pand interior-door layout for variable-speed drives. There
are no recaiver gauges in the interior door, because |Ps for
the inlet vanes are not required.

f. Figure 5-11 shows the variations in the back-panel
arrangementsfor variable-speed drives, with the bulkhead
fittings for control of the dampers and the cooling-coil
vave. Thereisno need for bulkhead fittings for control of
inlet vanes.

g. The terminal-block layout will show terminals
assigned to the variable-speed drive units rather than for
the magnetic-starter circuits for fans.

5-6. Control-system variations for steam-
preheat coil with face-and-bypass damper

a. The schematic-diagram and ladder-diagram
additionsto incorporate control for this type of preheat coil

are shown in figure 5-12. The steam coil valve, VLV, is
controlled from a 2-position thermostat, TSL, in the
incoming outside-air duct. The thermostat opens the steam
valve when the outside-air temperature drops to its set-
point and remains open as long as the outside-air tem-
peratureisat or below the setpoint. The loop consisting of
devicesTT, TC, IP, and DA controls the air temperature in
the discharge of the coil by modulating the preheat-coil
face-and-bypass damper to maintain the preheat-coil
discharge-air temperature.

b. Thermometer Tl intheoutside-air intake is required
if thereis not already such adevice at an outside-air tem-
perature transmitter associated with an economizer
controller.

c. The control devices and their parameters must be
added to the equipment schedule.

5-7. Control-system variation for hot-water or
hot-glycol preheat coil

The loop to be added to control-system schematics for
modulating control of such preheat coilsisasdiscussed in
paragraph 3-3 and shown in figure 3-2. When required,
this loop can be added to any HVAC system by showing
theloop in the control-system schematic, showing the loop
devices and their parameters in the equipment schedule,
and showing the controller and related devices in the
control-panel drawings.

5-8. Control-system variation for combining
hydronic-system and air-system controls in
the same control panel

This variation is shown in chapter 4 in the single-zone
HVAC-system with humidity control. Small buildings
generdly require a hydronic-heating system or a dual-
temperature water system and an air-handling system.
When appropriate, the designer will combine such systems
into acommon HVAC control panel.

5-9. Unoccupied-mode space-temperature
setback control for terminal units

In chapter 4, the control systems for unit heaters and
perimeter radiation are shown with room thermostats
capable of one temperature setting. When the hydronic
systems serving such units are controlled to maintain a
reduced space temperature in the unoccupied mode, a
microprocessor-based room thermostat will be substituted
for the single-temperature thermostat shown in chapter 4.
An example of the substitution is shown in figure 5-13.

5-10. Control-system variations for 2-way shut-
oft valves for fan-coil unit

For dud-temperature hydronic systems with variable-flow
pumping, the fan-coil unitswill have 2-way shut-off valves
inlieu of 3-way shutoff valves. The designer may show 3-
way shut-off valves on selected fan-coil units for pump
relief of the variable-flow pumping system. The schematic
and ladder diagram variations are shown in figure 5-14.
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5-11. Control-system variations for EMCS-
initiated building-purge and recirculation
modes

a. When EMCS requires control of HVAC-system
outside-air, return-air, and relief-air dampers, the devices
used by EMCS to assume control of the dampers are
externd to the HVAC control panel. The devices required
depend on whether the actuators are pneumatic or
electric/electronic.

b. Figure 5-15 shows the schematic variation for
pneumatic actuators. The EMCS devices are: EPs labeled
“EMCS’, the purge-auto and recircul ating/auto contacts,
and the associated control circuit. When EMCSisnot in
control, and EPs pass the pneumatic control signal from
IP-XXO01 to the PPs of the damper actuators. When the
“PURGE/AUTQ" contact is closed, main air passes
through EP-I to the PPs of the dampers, which causes the
outside-air damper to fully open. When the “RECIR-
CULATING/AUTQO" contact is closed, air is exhausted
from the damper-actuator PPs, causing the outside-air
damper to close. The return-air and relief-air dampers
normally work in concert with the outside-air damper.
When both EMCS contacts are open, the EPs are de-
energized and IP-XXO0I’s pneumatic-control signal is
connected to the damper actuator’s PPs.

c. Figure5-16 shows EMCS devices required when the
damper actuators are electric or eectronic. The relays
labelled “R-I EMCS’ and “R-2 EMCS’ function in a
manner similar to the EPs required for pneumatic
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actuators. The device labelled “EMCS MPS’ is a
minimum-position switch set to hold the outside-air
damper open in the purge mode. The signal to the actuators
is interrupted in the recirculating mode to close the
outside-air damper.

5-12. Control-system variations for smoke
control and freeze protection

In addition to the required HVAC control panels already
shown, an HVAC system may have a smoke-control and
freeze-protection pand, to house the equipment required to
connect these systemsto the HVAC control system. These
systems can interrupt the control signalsto starters, valves,
and dampers for these special purposes. The smoke-
control and freeze-protection panels, if required, will be
custom-designed specifically for each project. The
standard HVAC control panels have interface provisions
at terminal blocks for smoke-control systems, freeze-
protection systems, or other external systems designed
either to shut down the HVAC system or to bypass the
shutdown circuits of the HVAC control system as required.
The contract documents must show the interface
requirements and locations of each non-H VAC control
pand in the project.

5-13. Control-system variations for non-
economizer HVAC systems.

a. The economizer mode of operation is not

appropriate for every HVAC application. When an HVAC
system is designed for comfort applications without
humidity control (i.e, no humidification or
dehumidification), the control system will have a
minimum-paosition switch to allow some adjustment of the
mixed-air flow. The stepsinvolved in modifying a standard
single-zone economizer-mode control system (such as
shown in chapter 4) to convert it to a non-economizer
control system are:

(1) Delete al economizer-loop devices (such as the
economizer controller and its transmitter, relay contacts,
and signal selector) from the control-system schematic.

(2) Delete the economizer’s PV and DEV contacts
and their associated relay and pilot light from the ladder
diagram.

(3) Delete the economizer controller and associated
devices from the equipment schedule.

(4) Deetethe economizer controller from the interior-
door layout.

(5) Delete the signal selector and relays associated
with the economizer controller from the back-panel layout.

(6) Delete the economizer-controller terminals from
the terminal-block layout.

b. Control systems other than a single-zone control
system can be modified to del ete the economizer mode by
deleting additional devices asfollows:

(1) Ddetethe mixed-air temperature control loop and
associated devices from the schematic.

(2) Delete the mixed-air temperature controller and
associated devices from the equipment schedule.

(3) Ddetethe mixed-air temperature controller from
the interior-door layout.

(4) Delete the mixed-air temperature controller
terminal blocks from the terminal-block layout.

c. To show the results of the previously-described
procedures, the single-zone system shown in figures 4-19A
through 4-19F has been modified to show a single-zone,
non-economizer control system as figures 5-17A through
5-17F.

5-14. Control systems with dual-steam valves

Generally when the size of a steam-service control valve
exceeds 2Y2 inches (pipe size), two steam valves will be
used; thevalve C, will be selected from available products
with one valve having a smdler C,. The vaves are
sequenced without a control-signal deadband. The control-
signal range availablefor operating the valves will be split
into two equal parts. In the control sequence, the smaller
control valve opens first. The control-system drawings
affected are the schematic and the equipment schedule.
Figures 4-10A and 4-10C have been modified to show the
required changes and are shown as figures 5-18 and 519.
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Schematic variations for 100-percent outside-air systems.

Figure 5-1.
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Figure 5-3. Schematic variations for exhaust Jans.
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Figure 5-5. Schematic variations for smoke dampers.
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Figure 5-7. Schematic variations for variable-speed drives.
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LOGP CONTROL FUNCTION

DEVICE NUMBER DEVICE FUNCTION SETPOINT RANGE ADDITIONAL PARAMETERS
MIXED-AR TEMPERATURE DA-XX01, 02, 03 DAMPER ACTUATOR — 3-15 PSIG
SET MIN QA CFM EQUALS
MPS-XX01 MINIMUM-POSITION SWITCH —_ e 3000 CFM AT MAXIMUM
SUPPLY FAN TURN DOWN
IXED-AR TEMPERATURE
TC-XX01 33‘§$ROLLERE“ ERATU 55°F 40°TO 140°F —
MIXED-AR TEMPERATURE
TT-XX01 TRANSMITTER —_— 40°10 140°F —
TSIDE-AR TEMPERATURE
TT-XX02 ?gAﬁg,ﬁnER EMPE  — -30 TOo +130 ¥ —_—
RETURN-AR TEMPERATURE
TT-XX03 TRAHSMITTER . e -30 TO +130 ¥ _—
PV_CONTACT DEV_CONTACT
EC-XX01 ECONOMIZER CONTROLLER —_ %SES& :.TT 7713FF %IE)ESI\IE mg&q AATT-68 ;F
L]
AT-XX01 LOW-TEMPERATURE SWITCHOVER 40°F 8LPSQEAIT422§F —
- T ROT
TSL-XXO! %angJggl;/E\rTzA URE PROTECTION 350
LOW-LIMIT SPACE- °
SPACE LOW TEMPERATURE TSL-XX02 TEMPERATURE THERMOSTAT 55°F 5°F DIFFERENTIAL O T ooor
DISCHARGE -AR VLV-XX01 COOLING-COIL VALVE — 3-15 PSIG gv-20
TEMPERATURE CLOSE AGANST 20 PSIG
AN-DISCH TEMP
TC-XX02 EONT%ELQQGE EMPERATURE 57°F 0-100°F —_—
FAN-DISCHARGE TEMPERATURE °
TT-XX04 TRANSMITTER —_— 0-100 F —_—
SUPPLY-DUCT STATIC SUPPLY-DUCT STATIC
PRESSURE PC-XX01 PRESSURE CONTROLLER 1.2 INCHES WATER 0.0-2.0 INCHES WATER —_—
PPLY-DUCT STATI
DPT-XXO01 FSJgESléUR[E)UTRASSMLT?ER _ 0.0-2.0 INCHES WATER _—
RETURN/RELIEF - FC-XX01 RETURN-FAN VOLUME SUPPLY FAN CFM 0-20,000 CFM S
FAN VOLUME CONTROLLER MINUS 3000 CFM
FT-XX01 SUPPLY-DUCT FLOW-RATE R M
TRANSMITTER (FPM) - 0-20.000 € -
FT-XX02 RETURN-RELIEF DUCT FLOW )
TRANSMITTER (FPM) 0-20,000 CFM —
QCCUPIED CLK-XX01 ) NORMAL SCHEDULE OPEN: SAT, SUN
365-DAY SCHEDULE — CLOSED: 0705 HRS, OPEN: POAT,
MODE CONTACT 700 RS M.T W IHF AND HOLIDAYS
. . NORMAL SCHEDULE
VENTILATION-DELAY pavd 365-DAY SCHEDULE — CLOSED: 0700 HRS, OPEN:

0800 HRS M,T,W,THF

NOTE:OTHER DEVICES SUCH AS IPS,RELAYS AND SIGNAL SELECTORS ARE NOT SHOWN

Figure 5-9. Equipment variations for variable-speed drives.
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4 - ENABLE/OFF

5 - LOW TEMP

DEVICE TYPE
NON-ILLUMNATED MOMENTARY
PUSHBUTTON SWITCH

NON-ILLUMINATED MOMENTARY
PUSHBUTTON SWITCH

ILLUMINATED MAINTAINED CONTACT
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REAR VIEW
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IDENTIFIER POSITION LEGEND DEVICE TYPE IDENTIFIER
HS-XX03 6 - SMOKE PILOT LIGHT PL-XX06
HS-XX02 7 - HIGH STATIC PILOT LIGHT PL-XX07
HS-XX0! 8 - FILTER PILOT LIGHT PL-XX04
HS-XX03 9 - 0CC PILOT LIGHT PL-XX01
PL-XX05 10 - VENT DELAY PILOT LIGHT PL-XX02
11 - ECON PILOT LIGHT PL-XX03

Figure 5-10. Interior-door-layout variations for variable-speed drives.
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SPACE | UH | THERMOSTAT

TUP-XXO1
XXX XK SET:DAY-68° F
NIGHT-55°F

o o °

TuP -XXXX
SET:DAY-68°F
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YYYY |YY

EQUIPMENT-SCHEDULE VARIATION FOR UNOCCUPIED-MODE SETBACK
CONTROL OF UNIT HEATER

LOC: PER

SCHEDULE

131;
N

N OR X

LADDER-DIAGRAM VARIATION FOR UNOCCUPIED-MODE SETBACK
CONTROL OF PERIMETER-RADIATION

LOC: PER SCHEDULE

SUPPLY

RETURN

SCHEMATIC VARIATION FOR UNOCCUPIED-MODE SETBACK

CONTROL OF PERIMETER-RADIATION

SPACE | FTR|THERMOSTAT VALVE REMARKS
XXXX XX | T-XXO1 VLV-XX01 | CV=0.2
SET:DAY-68°F CLOSE AGAINST 10 PSIG
NIGHT-55°F
YYYY |YY | T-XXXX VLV-XXXX | CV=0.7
SET:DAY-68°F CLOSE AGAINST 10 PSIG
NIGHT-55°F

EQUIPMENT -SCHEDULE VARIATION FOR UNOCCUPIED-MODE SETBACK
CONTROL OF PERIMETER-RADIATION

Figure 5-13. Control-system variations for unoccupied mode setback.
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) I PIPING I
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RISE IN TEMP — —FALL IN TEMP
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AT 50°F AND BELOW
CONTACTS TRANSFER
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LADDER DIAGRAM
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ACTUATOR
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; YH%:ATING
RETURN col SUPPLY SET: Scooum;
AR AR
NG :b : : : ; :
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SUPPLY & z SET: 68 F SET: 50 °F CLOSE AGAINST 10 PSIG
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SET: 74 F
TS COOLING
XX02
RETURN $ g EQUIPMENT SCHEDULE
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Figure 5-14. Control-system variation for 2-way shutoff valves on fan-coil units.
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Figure 5-15. Control-system variation for EMCS building-purge and recirculation modes for preumatic actuators.
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0800 HRS M.T+W.TH.F

LOOP CONTROL FUNCTION | DEVICE NUMBER DEVICE FUNCTION SETPOINT RANGE ADDITIONAL PARAMETERS
MIXED-AIR TEMPERATURE | DA-XXO1. 02. 03 | DAMPER ACTUATOR S 10-15 PSIG _—
- MINIMUM-POSITION SWITCH — — SET MIN OA CFM EQUALS
MPS-XX01 3000 CFM
—TEMPERATLRE -
TSL=XX01 %EER ugs PER TURE-PROTECT1ON 15%
" ° CLOSE AT 55°F
SPACE LOW TEMPERATURE TSL~XX02 NIGHT STAT 55°F 5°F DIFFERENTIAL COEN AT G0°F
- - . . cv=12
SPACE TEMPERATURE VLV-XX01 HEATING-COIL VALVE 3-6 PSIG CVaaE AGAINST 15 PSIC
- - . - cV=20
VLV-XX02 COOL ING-COIL VALVE 11-15 PSIG CV=20 \GAINST 20 PSIG
Z POINT=T3°F p SET MAXIMUM L IMITS
TC-XX01 35:?5&{‘&““““ AR i 50 10 85°F AVAILABLE TO OCCUPAN] BY
MARUAL RESET=50% TSP-XXO1 AT 66 10 T2°%F
PACE-TEMPERATUR
TT-XX01 ?RAﬁSM[TTER URe —_ 50 T0 85°F _
- = 4 MA = 50°F
TSP-XX01 TEMPERATURE-SETPQINT DEVICE 20 MA = B5°F e — B —
GCCUPIED CLK-XXO1 NORMAL SCHEDULE OPEN: SAT. SUN
365-DAY SCHEDULE _ CLOSED: 0705 HRS. OPEN:
MODE CONTACT O aa08 RS LaPe AND HOL IDAYS
- - NORMAL SCHEDULE
VENTILAT LON-DELAY Nk 365-DAY SCHEDULE — CLOSED: 0700 HRS. OPEN:

NOTE:OTHER CONTROL DEVICES SUCH AS IPS, RELAYS,AND SIGNAL SELECTORS ARE NOT SHOWN

Figure 5-17C. Equipment schedule for single-zone HVAC system without economizer control mode.
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5 - SMOKE PILOT LIGHT

Figure 5-17D. Control-panel interior-door layout for single-zone HVAC system without economizer control mode.
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1-10 #-20 21-30

31-40 41-50 51-60 61-70
TC-XX0! SPACE SPACE SPACE SPACE SPACE SPACE
SPACE-TEMPERATURE
CONTROLLER TERMINAL BLOCKS
5 g . g
g & 2 B
71-80 81-84 o o 9T 97-100 101-104 105-110 1#-120 121-130 133-140
wn
£ X x
SPACE CLK-XX0! 23| tsLxxot | ., | sMk-xxon | Dps-xxof SPACE SPACE SPACE a3 SPACE
EMCS Qg |523| ADEMCS | § | SMK-XX02 | AND EMCS =&
REPLACEMENT| & |“Z | CONTACTS | & | AND EMCS | CONTACTS i
TERMNAL | @ (@82 @ | CONTACTS | TERMINAL 7
BLOCKS -3 TERMINAL BLOCKS "§
g w BLOCKS o
141-170 171-180 181-190 191-200 201-210
AC POWER-DISTRIBUTION TERMINAL BLOCKS AS REQUIRED DC POWER-DISTRIBUTION SF-XXXX STARTER-CONTROL SPARE
TERMINAL BLOCKS AS REQUIRED WIRING TERMINAL BLOCKS SPARE

Figure 5-17F. Control-panel terminal-block layout for single-zone HVAC control system without economizer control mode.
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Figure 5-18. Schematic variations for dual steam valves.
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1700 HRS M. T.W,TH.F

LOOP CONTROL FUNCTION | DEVICE NUMBER DE /ICE FUNCTION SETPOINT RANGE ADDITIONAL PARAMETERS
DUAL- TEMPERATURE ‘s CV-12
) } . CV-26
VLV-XX02 CONVE?" R VALVE 8-15 CLOSE AGANST 10 PSIC
TC-XXOt QUTSIDE - “IR 30°T0 +130 ¥ STARTS PUNP AT 60°F
TEMPERA. URE CONTROLLER L U
SYSTEM-CUPPLY OA TEMP-0°F SUPPLY TEMP-200 ¥
TC-XX02 TEMPERATURE CONTROLLER OA TENP-60°F SUPPLY TEMP-80 100 TO 250°F
QUTSIDE -AR
TT-XX01 TEMPERATURE TRANSMITTER — -30°T0 +130 ¥ —
SYSTEM-SUPPLY o
TT-XX02 TEMPERATURE TRANSMITTER —_— 100 TO 250 F —
DUAL - TEMPERATURE SUPPLY-CHANGEOVER oV-19
CHANGEOVER VLV-XX02 VALVE 3-15 PSIG E— CLOSE AGAINST 30 PSIG
RETURN-GHANGEOVER CV-19
VLV-XX03 VALVE 3-15 PSIG — CLOSE AGAINST 30 PSIG
- PV CONTACT
TSL-XX01 NG eR RN THERMOSTAT 30 TO 240°F CLOSE AT 85 %
OPEN AT 90°°F
p K-X NORMAL SCHEDULE . SAT,
vt NTACT 365-DAY SCHEDULE — CLOSED: 0700 HRS. OPEN: Ofﬁg HSfITDA%’"

NOTE: OTHER CONTROL DEVICES SUCH AS IPS,RELAYS AND SIGNAL SELECTORS ARE NOT SHOWN

Figure 5-19. Equipment-schedule variations for dual steam valves.




Chapter 6
Retrofit of Existing HVAC Control Systems

6-1. Introduction

When determining whether to retain or replace existing
control systems (in whole or in part) in the retrofit of exist-
ing HVAC systems, the designer must evaluate the
applicability of the design guidance provided in this
manual. The reason for this evaluation is that deviation
from this guidance may be necessary in certain circum-
stances to prevent adverse impacts on the operation and
performance of the retrofitted HVAC systems. Examples
of control-system situations that require such evaluation
are asfollows:

a. Reuse of existing valves, where their sizes may
affect the existing or new hydronic systems and their pump
sizing.

b. Reuse of existing dampers, where their sizes may
affect the existing or new air-handling systems and their
fan sizing.

c. Replacing three-way valves with two-way valves
and vice versaand its effect on hydronic systems and their
pump sizing.

d. Partid retrofit, where only thefinal e ements such as
dampers, valves, and operators may be left in place.

e. Raetrofitsinvolving economizer control loops.

f. HVAC systemsthat may not match the systems shown
in chapter 4 or their variations in chapter 5.

6-2. Valve sizing and Its effect on hydronic
systems

Quite likely the guidance provided in this manual for the
sizing of control valves differs from the design criteriaon
which the existing control valves (in a retrofit project)
were selected. Consequently, the designer must compare
the pressure drop across the existing control valve with the
pressure drop for a control valve based on the sizing
requirements of this manual. If the existing valve sizes do
not meet the pressure-drop requirement for sizing valves
in accordance with thismanua, it may be that the sizing of
the existing valves was based on pressure drop through the
valves lower than required by the manual. The designer
must then determine if the existing pumping system can
provide adequate flow throughout the system with new
valves (sized in accordance with this manual) in place. If
not, the existing pumping system will have to be upgraded
or replaced if the valve-sizing pressure-drop guidance of
this manual is applied.

6-3. Damper sizing and its effect on air-handling
system

Evauation of control dampersin aretrofit project is simi-
lar to control-valve evaluation, because changing the size
of an exigting damper would change the damper’s pressure
drop and in turn affect fan air-volume delivery. Also, the
damper actuators might have to be retrofitted if the
evauation shows a change in the damper’s pressure drop.

6-4. Replacement of 3-way and 2-way valves

Whenever there is achangein the type of control valvein
a retrofit project (either from a 2-way valve to a 3-way
valve or vice versa), the designer must make additional
pressure and flow evauations. If the changeis from 3-way
to 2-way, the pressure could increase significantly with a
significant pumping system flow decrease as the valve
closes. Conversdly, the change from 2-way to 3-way could
cause significant pressure decrease and flow increase. In
either case, there could be adverse effectson HVAC sys-
tem performance. The designer must evaluate and account
for the new pressure drops in deciding whether to change
the type of valve.

6-5. Retrofit projects where only final elements
may be left in place

Some HVAC retrofit projects may involve new controls
but may not require replacement of existing primary ele-
ments such as dampers, valves, sensing el ements, or other
measurement devices. In such instances, the designer must
insurethat the control signals (both input and output) and
actuators for the final elements are in accordance with the
design guidance provided in this manual.

6-6. Retrofits involving economizer control loops

If an HVAC system with an economizer mode of operation
isto beretrofitted, or if an economizer modeisto be added
to an existing HVAC system, the economizer components
must be in accordance with the guidance described in the
manual.

6-7. Retrofit projects involving HVAC systems
not covered in this manual.

When an individual HVAC control system not shown in
thismanual requires upgrading, it may not be feasible nor
suitable to follow the guidance of this manual. It is most
likely that maintaining consistency with the remainder of
the control system is of more vaue. It is the responsibility
of the designer to evaluate existing conditions to determine
the suitability of following the guidance of this manual.

6-8. General considerations for retrofit projects.

a. Only eectric or eectronic terminal-unit controls, if
serviceable, may be reused.

b. No existing pneumatic controls except pneumatic
valve actuators and damper actuators, if serviceable, may
be reused.

c. If pneumatic actuators are to be reused and the
designer findsthat their use isjustified on the basis of life-
cycle cost, the existing air compressors and related
accessories, if serviceable, may be reused.

d. Electric or electronic HVYAC control systems with
standard signal levels (i.e., 4—20 ma) if serviceable, may
be reused.

e. If existing HVAC systems are retrofitted with con-
trol systems designed in accordance with this TM, exten-
sion of EMCS to such HVAC systems will interface with
the control as shown in this TM.
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Glossary

Section |

Terms, Abbreviations and Acronyms

= Equal to

< Less Than

> Greater Than

A Ampere

AAD Auxiliary Actuator Driver

AC Alternating Current

Accuracy The degree of conformity of an
indicated value to arecognized
accepted standard value.

Actuator A device, that either electrically,
pneumatically, or hydraulically
operated, changes the position of
avalve or damper.

AD Control Damper

AFMA Air-Flow Measurement Station

AHU Air-Handling Unit

Al Anaog Input

Analog A signal type representing a
system variable (such as temper-
ature, humidity, or pressure) that
can be measured continuously
over ascae.

AO Analog Output

AUTO Automatic

Automatic A local loop network of pneu-

Temperature matic or electric/electronic

Control devicesthat are interconnected
to control temperature.

AUX Auxiliary

Auxiliary An actuator circuit that can be

Actuator Driver used to control a separate
actuator.

Bias A single-loop digital controller

function which maintains a fixed
difference in engineering units
between controller setpoint and
the remote setpoint signal to the
controller in engineering units.

BLR Boiler
C Common
Cavitation A phenomenon that resultsin

valve damage from too great a
pressure drop through avalve.

CB Circuit Breaker

CcC Cooling Cail

CDHR Condenser, Hydronic Return
CDHS Condenser, Hydronic Supply
CFM Cubic Feet Per Minute

CH Chiller
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CLK

Closed Loop
System

COND

Controlled
Device

Controlled
Variable

Controller

Controller
Feedback

Control Point

Controller
Configuration

Control-Point
Adjustment
(CPA)

Controls

COOL
CPA

C.T.
CUH
C

\

DA
DC

192

Time Clock

Control system configuration
that allows system feedback.

Condenser

The instrument that receives the
controller’s output signal and
regulates the controlled process.

The temperature, humidity, or
pressure value to whose varia-
tions the controller responds.
Controlled variableisaso called
process variable.

The instrument that measures the
controlled variable and responds
by producing an output signal
that holds the controlled variable
within preset limits.

The change in the controller’s
output in response to a measured
change in the controlled variable
that is transmitted back to the
controller’sinput.

The actua value at which a con-
troller is holding a process
variable.

Information manually entered

through a controller keyboard
which selects built-in controller
options and sets controller
parameters.

Adjustment of acontroller’s set-
point. The control-point value
may vary from the setpoint due to
load offset. Control-point
adjustment can be accomplished
by asignal generated from alocal
adjustment device, by asigna
generated from a remote location,
or by means of software.

Devicesthat govern the perfor-
mance of asystem.

Cooling

Control-Point Adjustment
(Remote-Setpoint Adjustment)
Cooling Tower

Cabinet Unit Heater

Theliquid flow Coefficient of a

valve that has the units of gpm
per psid and is used to select the
valvefor arequired flow in the
open position at a calculated
pressure drop.

Derivative Control Mode
Damper Actuator

Direct Current

DD
Deadband

DEG

Derivative (D)
Mode

Deviation
Contact (DEV)

DI
DIA
Differential

Differential
Pressure

Digital Single-
Loop Controller

Direct Acting

DMPR
DO
DPI
DPDT
DPS
DPST
DPT

DX
EA
EC
ECON

Economizer
Mode

EF

Dua Duct

A range of thermostat output
signal, between the shutoff of
heating and start of cooling, in
which no heating or cooling
energy is used.

Degree

Control mode in which the out-

put is proportional to the rate of
change of the input.

A single-loop digital controller
output contact that can be con-
figured to respond to agiven
difference between the setpoint
of the controller and the process
variableinput signal.

Digital Input

Diagram

The differencein values of the
controlled variable that will

cause atwo-position controller to
change its output.

The difference between the
static pressures measured at two
pointsin an HVAC system.

A controller that accepts analog
input signals, processesthe sig-
nals digitally according to the
controller configuration, and, as
aresult, produces anal og output
and two-position output signals.
An output signal that changesin
the same direction as the con-
trolled or measured variable. An
increase in the controlled or
measured variable resultsin an
increase in the output signal.
Damper

Digital Output
Differential-Pressure Gauge
Double-Pole, Double-Throw
Differential-Pressure Switch
Double-Pole, Single-Throw

Differential-Pressure
Transmitter

Direct-Expansion Coil
Each

Economizer Controller
Economizer

The control system mode of
operation in which outside air is
used for free-cooling of building
spaces.

Exhaust Fan

EMCS

EP

Equipment
Schedule

ES

EXH

F

FC

FCU

FE

FLTR

FPM

FPS
Free-Cooling

FT
FTR

Function
Module

Gain

GC
GPM

HC
HD
Heat
HFER
HL
HOA
HP
HPS
HR
HRC
HRS
HS
HTHW

Energy Monitoring and Control
Systems used in military facili-
ties for supervisory control of
HVAC control systems and
energy-related monitoring and
control functions.

The acronym for atwo-position
€l ectric-solenoid-operated 3-way
air valve. (Electric to
pneumatic.).

A ligting of control devices by
loop function, unique identifier,
setpoints, ranges, and other
parameters.

End Switch

Exhaust

Fahrenheit, Friday
Flow Controller
Fan-Coil Unit
Flow-Sensing Element
Filter

Feet Per Minute

Feet Per Second

Cooling without mechanical
refrigeration.

Flow Transmitter
Finned-Tube Radiator

A devicefor performing a
control-loop function between
the transmitter and the con-
troller or between the controller
output and the controlled
devices.

The amount of change in con-
troller output per unit change of
controller input.

Glycoal Cail

Gallons Per Minute
High

Heating Coil

Head

Heating

Humidifier

High Limit
Hand-Off-Automatic
Horsepower
High-Pressure Steam
Heat Recovery
Heat-Recovery Cail
Hours

Manual Switch
High-Temperature Hot Water

HVAC

HZ

H
Input Signal

INV

Integral (1)
Mode

L1, L2, N

L

Ladder Diagram

LD
LDR
Linearity

Local-Loop
Control

LOC
Loop Driver

LPS
LTHW

MA
MAN

Heating, Ventilating, and Air
Conditioning HWS Hot Water
Supply HX Heat Exchanger
(Converter)

Hydronic A term used to
describe HVAC systems using
liquid heating and cooling media.
Cycles Per Second (Hertz)
Integral Control Mode

Infrared Heater

Thevariable signal, received by
an instrument, which provides
that instrument with a means of
changing its output signal.
Signal-Invertor Module

I nput/Output

The acronym for a current to
pneumatic signal transducer. (I
for current and P for
pneumatic.)

Control mode in which the out-
put is proportional to thetime
integral of theinput; i.e., the
rate of change of output is
proportional to the input.

Inlet Vane

Control-Power Lines and
Neutral

Low

A diagram that shows the elec-
trical control-logic portion of a
control system.

Loop Driver

Ladder

A relation such that any change
of input signal is accompanied by
asimilar output changethat is
directly proportional to the
input.

Thelocal pneumatic or elec-
tric/electronic controls for any
system or subsystem.

Location

A device used in control loopsto
assure that the single-loop digi-
tal controller will not be
required to drive aloop with a
greater impedance than 600
ohms.

L ow-Pressure Steam

L ow-Temperature Hot Water
Main Air, Motor, Monday
Milliamp

Manual



Manual Reset

Measured
Variable

Microprocessor
Controller

MIN
Minimum-
Position Switch

MOI, M02

Modulating
Control

MPS
MZ
Normally Closed

Normally Open

Normal Mode

OA
OCC
Offset

oL
Open-Loop
System

The act of manually restoring
control-circuit electrical con-
tinuity after the circuit has been
opened by a safety device. A
feature of the single-loop digital
controller that allows manual
adjustment of the analog output
signal when proportional mode
control is used without integral
maode control or derivative mode
control.

The uncontrolled variable (such
as temperature, relative humidity,
or pressure) sensed by the
measuring element.

A microprocessor-based con-
troller (non-analog in processing
itsinternal signals) that performs
adedicated function and does not
reguire software programming.
Minimum

A manual switch used to set the
position of mixing plenum con-
trol dampersto assure that the
minimum quantity of outside air
isintroduced by an HVAC
system.

Magnetic-Starter Holding cail
Control achieved by gradually
changing a controller analog out-
put signal to an actuator in

response to achange in a sensed
variable.

Minimum-Position Switch
Multizone

A controlled device that closes
when its power supply or input
signal isremoved.

A controlled device that opens
when its prower supply or intput
signal isremoved.

The usual or expected operating
condition.

Outside Air

Occupied

The difference between the set-
point of a controller and the
actual point of the controlled
variable, caused by changesin
load.

Overload

Control-system configuration

that does not have system
feedback.

ouT
Output Signal

P
Parameter

PB
PC

PE
PH
PI

PID

PL

Positive
Positioner

PP
Process Control

Process
Variable

Process Varia-
ble Contact (PV)

PROP

Proportional
Band

Proportional (P)
Mode

Proportional-
Integral (PI)
Mode

Output

A signal produced in response to
an input.
Proportional Control Mode

Information and valuesto be
used in configuring a
microprocessor controller for its
purpose in the control-system
application.

Proportional Band

Outside-Air Preheat Coil, Pres-
sure Controller

Pneumatic-Electric Switch
Phase

Pressure indicator (Gauge) or
Proportional-Plus-Integral Con-
trol Mode

Proportional-Plus-Integral-Plus
Derivative Control Mode

PFilot Light

A mechanica device that meas-
ures actuator position and control
signal value and sends main air to
the actuator to maintain the
correct position for the signal.
Positive Positioner

The science of regulating varia-
bles by measuring, processing,
and manipulating process varia-

bles coupled to the regulated
variables.

See Controlled Variable.

A single-loop digital controller
output contact that can be con-
figured to respond to agiven
value of the process variable
input signal.

Proportional

A controller parameter setting
which determines the changein
the number of engineering units
of aprocess variable input signal
that will produce afull-scale
change of the controller analog
output signal.

Control mode in which thereisa
continuous linear relationship
between the input and the
output.

Control mode in which the out-
put is proportional to alinear
combination of the input plus a
value proportional to thetime

Proportional-
integral-
Derivative (PID)
Mode

PS
PSI
PSIA

PSID

PSIG
PV

RA
Range

Ratio

Relay

Remote

Setpoint Resis-
tance
Temperature
Detector (RTD)

REV
Reverse Acting

RF
RH
RHC

RHT
RHY

SA

integral of the error between
setpoint and control point.

Control mode in which the out-
put is avalue proportional to
the input, plus avalue propor-
tional to the time integral of the
error between setpoint and con-
trol point plus a value propor-
tional to the time rate of change
of the error.

Positive Positioner
Pounds Per Square Inch
Pounds Per Square Inch,
Absolute

Pounds Per Square Inch,
Differential

Pounds Per Square Inch, Gauge
Process Variable

Relay

Return Air

The upper and lower limits of
the value of avariable.

A single-loop digital controller
feature which multipliesthe
remote setpoint input signal to
the controller by a constant and
uses the resulting value as the
controller setpoint.

An dectric device that changes
the position of its contacts when
its cail is energized.

See Control Point Adjustment.

A device whose resistance
changes linearly as afunction of
temperature.

Reverse-Acting

An output signal that changesin
the opposite direction from the
controlled or measured variable.
An increase in the controlled or
measured variable resultsin a
decreased output signal.

Return Fan
Relative Humidity

Relative-Humidity Controller,
Reheat Coil

Relative-Humidity Transmitter
Humidity Loop Device
Supply Air

SAT
Schematic

SCIM

Self-Tuning

Sensitivity

Sensing
Element
Sequence of
Operation

Setpoint

SF
SHLD
Signal Inverter

Signal Selector

SMK
Smoke Detector

SP
S.P.
Span

Saturday

A diagram that showstherela
tionship of control devicesto
control loops and shows therela
tionship of control loopsto
systems.

Standard Cubic Inches Per
Minutes

A single-loop digital controller
feature that, when selected,
commands the controller to cal-
culate the optimal proportional,
integral and derivative mode
constants for the process being
controlled and to use the calcu-
lated constants for control.

The unit change in controller
output per unit changein the
controlled variable. Usually
expressed in psi or milliamps
per degree, cfm, etc.

A device used to detect or meas-
ure physical phenomena.

A narrative that describesthe
actions of control devices such as
valves and dampers as the proc-
ess variable changesin agiven
direction, such ason atempera-
ture, humidity, or pressure
increase.

The desired value of the con-
trolled variable at which the con-
troller is set.

Supply Fan

Sunshield

A devicethat linearly convertsa
4 to 20 milliampere input signal
to an output signal of 20to 4
milliamperes.

A device that selects the highest
or the lowest of itsinput signals
asitsoutput signal.

Smoke Detector

A generic term for devices that
are used to operate safety cir-
cuits on the detection of smoke
or products of combustion.

Static Pressure
Set point
The number of engineering units

between the extremes of a cali-
bration range.
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SPRG

Spring Range

SPT
SQCR
STM
SUN

Sunshield

Supply

Pressure

Supply Voltage

Surge
Protection

194

Spring Range

The range over which the input
signal to a controlled device
must change to move the device
from one extreme to the other.

Static-Pressure Transmitter
Sequencer

Steam

Sunday

A device ingtalled outdoors on
the surface of abuilding to house
outside-air temperature-sensing
elements and to shield them from
direct exposureto sun’s
radiation.

Gauge pressure of the com-
pressed air supplied to a pneu-
matic control system, usually 20
psg.

Voltage of the electric energy
supply to an electric/electronic
control system.

Methods of protecting signal wir-
ing and power wiring circuits
from damage by electrical volt-
age and current overrange dueto
such factors as lightning strikes.

System
Feedback

SZ

TC
TDR
TE
TEMP

Terminal Unit

TH

Thermostat

Throttling
Range

System’s response to the con-
troller’s action in changing the
value of acontrolled variable, as
transmitted back to the
controller.

Single Zone

Modulating Thermostat, Tuesday
Temperature Controller

Time Delay Relay
Temparature-Sensing Element
Temperature

A unit through which heating or
cooling is distributed to the con-
ditioned space. Terminal units
include radiators, unit heaters,
gas-fired infrared heaters,
variable-air-volume boxes, duct
heating coils, and fan-coil units.

Thursday

A device that senses tempera-
ture and changes its output as a
result of temperature changes.

The portion of the instrument
range of acontrolled variable
required to move the controlled
device from one extremeto the
other.

TI

Time Clock

TS

TSL:

TSP

Tuning

TuP

TT

Two-Position
Control

TV

UH

Thermometer

A device that changes the posi-
tions of its output contacts
according to atiming schedule.
Transmitter A transducer that
senses the value of avariable
and convertsthisvalueinto a

standardized transmission signal.

Non-Modulating Space Ther-
mostat or Aquastat

Low-Temperature-Protection
Thermostat or Nightstat, Non-
modulating

Temperature-Setpoint Device

The process of finding the
control-mode constants the use
of which resultsin the stable
control of aprocess at or near
the controller setpoint.

Microprocessor Room Thermost

Temperature Sensor and
Transmitter

Control achieved by switching a
controller output signal on and
off in responseto achangeina
sensed variable.

Temperature Loop Device

Unit Heater

Unigque
identifier

UNOCC
VAV
VFDU

VLV

WTR

X1, X2

XMFR

An aphanumeric identifier that
consists of: 1) an abbreviation
for the type of device; and 2) a
number made up of an HVAC-
system number and a serial
number for the device.
Unoccupied

Variable Air Volume
Variable-Frequency Drive Unit
Valve

Wednesday

Water

transformer Power, Hot and
Ground

Times (Multiplication)

Transformer



Section II
Standard Symbols

THIS SECTION CONTAINS THE SYMBOLS THAT WILL BE USED FOR
HVAC CONTROL-SYSTEM DRAWINGS PRODUCED IN ACCORDANCE WITH
THIS TECHNICAL MANUAL.

EACH SYMBOL WILL BE REFERENCED TO A UNIQUE IDENTIFIER,
WHICH WILL USE THE FOLLOWING FORMAT:

UPPER FIELD OF UNIQUE

@ DENTIFIER FOR DEVICE /XX

LOWER FIELD OF UNIQUE HVAC CONTROL-

FIELD-MOUNTED

DEVICE IDENTIFIER FOK DEVICE PANEL-MOUNTED
DEVICE
2-NUMBER IDENTIFIER MAXIMUM OF 4 ——.
ALPHABETICAL
FOR_SPECIFIC DEVICE CHARACTERS FOR XK.
DEVICE TYPE

TYPE
o
2-NUMBER SYSTEM
\_.

— IDENTIFIER

LOWER FIELD OF UNIQUE
IDENTIFIER FOR DEVICE

UPPER FIELD OF UNIQUE
IDENTIFIER FOR DEVICE

SCHEMATICS FOR HVAC CONTROL SYSTEMS WILL USE THE FOLLOWING
SYMBOLS TO SHOW AIR FLOW AND ITS DIRECTION.

D,

TYPICAL DUCT SYMBOL SHOWING AR
FLOW DIRECTION.

STANDARD REPRESENTATION
OF AR FLOW TO AND FROM
CONDITIONED SPACE

 EXHAUST
NV AR
TRANSFER
__RELIEF AR AR IN B
jﬂ—/\_ﬂ
RETURN/RELIEF AR \/ R
N 2\
RETURN AR
\ FROM SPACE
| {1
o
L\/ CONDITIONED
T T0 UNIT
\
; E L e
7 |
-/ A
MIXED AR
CONDITIONED TRANSFER
TO UNIT AR TO SPACE L, AR OUT

\_OUTSIDE AR \/
TO UNIT

- ‘T ARFLOW-DIRECTION

SYMBOLS



INSTRUMENTATION AND CONTROL-DEVICE SYMBOLS FOR HVAC BALANCING VALVE
CONTROL-SYSTEM DRAWINGS ARE AS FOLLOWS:

£

-
 [AAD ACTUATOR, DAMPER, ELECTRIC OR ELECTRONIC >
E[ O : : o BOILER
-5
, DA r
' XXXX

[ 1©  ACTUATOR, DAMPER, PNEUMATIC

= CHILLER
=~/
PP _ﬁ&@ ACTUATOR, DAMPER, PNEUMATIC WITH POSITIVE L

POSITIONER
COIL, OUTSIDE-AIR PREHEAT

o
O

Y
NI

COIL, OUTSIDE-AR PREHEAT
FACE & BYPASS DAMPER

ACTUATOR, VALVE, ELECTRIC OR ELECTRONIC

e 3

A ) | :
I
O

COIL, HEATING

PP ACTUATOR, VALVE, PNEUMATIC

O
]

BI&

COIL, COOLING

\

B BC

O
(@

COIL, COOLING, DIRECT-EXPANSION

AR-FLOW MEASURING STATION AND TRANSMITTER D /

@ & e
COIL,DUAL TEMPERATURE

AUTOMATIC DAMPER
0 ¢ RHC

COIL,REHEAT

%
AN
g

AUXILIARY ACTUATOR DRIVE
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:

1717177777

OOD® @+ e @ ]

¢

COOLING-TOWER CELL

CURRENT-TO-PNEUMATIC TRANSDUCER

DAMPER, OPPOSED-BLADE WITHOUT SEALS

DAMPER, OPPOSED-BLADE WITH SEALS

DAMPER, PARALLEL-BLADE WITHOUT SEALS

DAMPER, PARALLEL-BLADE WITH SEALS

DEVICE SYMBOL, FIELD-MOUNTED

DEVICE SYMBOL, PANEL-MOUNTED

DIFFERENTIAL-PRESSURE INDICATOR

DIFFERENTIAL-PRESSURE SWITCH

DIFFERENTIAL-PRESSURE TRANSMITTER

|

_F

joe

@

hd

o

oD

— )TO XXXX

DUAL-DUCT BOX, CONSTANT VOLUME

ECONOMIZER CONTROLLER

ELECTRIC-SOLENOID-ACTUATED PNEUMATIC VALVE

ELECTRIC LINES (LADDER DIAGRAMS AND SCHEMATICS)

ELECTRONIC SIGNALS (SCHEMATICS)

END SWITCH

EXHAUST FAN

FAN

FIELD-DEVICE CONTACT

FIELD-DEVICE TERMINAL
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-y

é FILTER

|I' FINNED-TUBE RADIATION
&
&

I

INLET VANE(SHOWN ON SUPPLY FAN)

¢

FLOW CONTROLLER

@ FLOW ELEMENT, DUCT-MOUNTED
.
STEAM =e=—

LOOP DRIVER

>a@%

MAGNETIC-STARTER CIRCUIT BREAKER

@ ‘FU\SE MAGNETIC-STARTER CONTROL-CIRCUIT FUSE
_ HEAT EXCHANGER (CONVERTER) LLMJZ
LI SUPRLY — MAGNETIC-STARTER CONTROL-CIRCUIT TRANSFORMER
O JT—RETURN sz
e CONDENSATE

MAGNETIC-STARTER HOLDING COIL

@ HAND ©

MAGNETIC-STARTER LOCAL CONTROL SWITCH

+

Ne AUTO O
STEAM Uto
,_,9_( M ) oL's
op |— ) A HAHA MAGNETIC-STARTER OVERLOADS
MO1-1
| HUMIDIFIER (STEAM GRID WITH PNEUMATIC VALVE SHOWN) __H___ MAGNETIC-STARTER POWER CONTACT

HVAC EQUIPMENT IDENTIFIER
MAIN AR
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OO -OPHO »® | |
& s

@ MOTOR
o XXXX

I\/
A
3 b

MULTIZONE MIXING DAMPERS

A,
\ A
™\

NIGHT THERMOSTAT, NON-MODULATING
SPACE THERMOSTAT, (BREAKS CONTACT
ON TEMPERATURE RISE)

MAINTAINED-CONTACT INTERLOCKED SWITCHES

NON-MODULATING SPACE THERMOSTAT,

MANUAL TEMPERATURE-SETPOINT DEVICE (MAKES CONTACT ON TEMPERATURE RISE)

NON-MODULATING SPACE THERMOSTAT,OR AQUASTAT
(MAKES/BREAKS CONTACTS ON TEMPERATURE RISE)

MANUAL VALVE o
PANEL-DEVICE CONTACT

MICROPROCESSOR-BASED SPACE THERMOSTAT o b;— LADDER-DIAGRAM LINE

G

PILOT LIGHT
MINIMUM-PQSITION SWITCH

PNEUMATIC LINE (MAIN AR)
PNEUMATIC LINE (CONTROL)

MODULATING DUCT THERMOSTAT, NON-AVERAGING

POSITIVE POSITIONER

PRESSURE CONTROLLER
MODULATING SPACE THERMOSTAT

PRESSURE-SWITCH CONTACT
(MAKES ON PRESSURE INCREASE)

MODULATING THERMOSTAT, AVERAGING

PRESSURE-SWITCH CONTACT
(BREAKS ON PRESSURE INCREASE)

PRESSURE TRANSMITTER

®v] > B |-

MOMENTARY SWITCH
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/PUVEN
o/

FIELD-MOUNTED PRESSURE INDICATOR (GAUGE)

PRESSURE INDICATOR (GAUGE)

RELATIVE-HUMIDITY CONTROLLER

RELATIVE-HUMIDITY TRANSMITTER, DUCT-MOUNTED

RELATIVE-HUMIDITY TRANSMITTER, SPACE-MOUNTED

RELAY COIL

LADDER-DIAGRAM LINES

9
XX, XX

Pe-O@ ®Ok

(WY

>

RELAY-COIL OR DEVICE OPERATING CIRCUIT

RELAY CONTACT

?
3

LADDER-DIAGRAM LINE

>
A

200
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RETURN FAN

SIGNAL SELECTOR, HUMIDITY-CONTROL LOOP
LOW-SIGNAL SELECTOR

SMOKE DETECTOR, DUCT-MOUNTED

SPACE-TEMPERATURE TRANSMITTER AND RTD

SUPPLY FAN

TEMPERATURE CONTROLLER

TEMPERATURE SENSING ELEMENT

TEMPERATURE-SWITCH, CONTACT
(MAKES ON TEMPERATURE RISE)
(BREAKS ON TEMPERATURE FALL)

TEMPERATURE-SWITCH, CONTACT

(BREAKS ON TEMPERATURE RISE)
(MAKES ON TEMPERATURE FALL)

TEMPERATURE TRANSMITTER, WITH CONTINUOUS
AVERAGING RTD DUCT MOUNTED

TEMPERATURE TRANSMITTER AND RTD



/ TERMINAL-BLOCK GROUP DELIMITER
<] TERMINAL BLOCK
;<< /

\— TERMINAL-BLOCK NUMBER

—

THERMOMETER, AVERAGING

THERMOMETER, NON-AVERAGING

TERMINAL BLOCK, CONNECTION THROUGH
/_-

THERMOSTAT, LOW-TEMPERATURE PROTECTION

B2 © we

° /_' TERMINAL-BLOCK JUMPER

THERMOWELL

—

TIME CLOCK

> TERMINAL BLOCKS, AC POWER

TIME-DELAY RELAY

SIGNAL SELECTOR, TEMPERATURE-CONTROL LOOP, HIGH-
SIGNAL SELECTOR

R @ &

TERMINAL BLOCKS, DC POWER
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202

= >A< w VALVE, 3-WAY MIXING

e VALVE, NORMALLY CLOSED
—><—
NO VALVE, NORMALLY OPEN

VAN
/N

VARIABLE-FREQUENCY DRIVE UNIT
(SHOWN ON FAN)

< /\ <

VAV

_/

VAV BOX, FAN-POWERED

<
m
o
[

N\
VAV
BOX

A

N\ E

VAV
> >
2 <9 < VAV BOX, PRESSURE-INDEPENDENT

< X <
= RETURN gl:} °
PP ——m g
|
- MUL TIPLE
@ - 4 NC COIL
L VALVES
— SUPPLY
PP |4
\ 1
<}
NC
X — PP MULTIPLE
| HEAT
EXCHANGER
| S VALVES
$ NC \ @
SUPPLY i
1 A
T \XXxx/
—]{>] M
NC @ PEPTr +—e— SUPPLY
""" A Y
C::::-..-—-—RETURN
e RETURN




~.
SUPPLY —= I 4"‘0

PP

N

<

X

X

C

RETURN

PNEUMATIC

5-WAY MIXING VALVE
PIPED NORMALLY OPEN IN
A BYPASS APPLICATION

PNEUMATIC

3-WAY MIXING VALVE
PIPED NORMALLY CLOSED
IN A BYPASS APPLICATION
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